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ABSTRACT

The study was conducted at the Teaching and Research Farms of Osun State University, Osogbo (Ejigbo
campus), and University of llesa, Osun State, over two years to assess variation among cultivars of
sweet potato. Forty-five accessions were evaluated using a randomized complete block design with
three replications, and data were collected on yield and related agronomic traits. Significant effects of
genotype, environment, and year were observed for most traits. Genotype X environment interaction
was significant for petiole colour (8.78), internode length (1.12), vine length (3.12), petiole length
(0.006), and fresh root yield (1.06), indicating differential cultivar responses across environments. The
phenotypic coefficient of variation (PCV) exceeded the genotypic coefficient of variation (GCV) for all
traits, suggesting environmental influence on trait expression. PCV ranged from 5.44% for mature leaf
length to 148.96% for dry matter, while GCV ranged from 5.44% for mature leaf shape to 86.39% for
petiole colour. Heritability was highest (100%) for mature leaf length, leaf shape, and abaxial leaf vein
pigmentation, with corresponding genetic advance values of 20.15, 11.21, and 29.59, respectively.
Fresh root yield and vine length exhibited moderate heritability coupled with high genetic advance.
Significant genotypic and phenotypic correlations were observed among key traits. Path analysis
indicated that mature leaf length had the highest direct effect on dry matter, suggesting its importance
as a selection criterion for improvement. Overall, the results demonstrate substantial genetic variability
and highlight key traits that can be effectively targeted to enhance sweet potato performance and quality
in the study environments.
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INTRODUCTION

Sweetpotato (Ipomoea batatas (L.) Lam., 2n = 6x = 90) belongs to the family Convolvulaceae
and is one of the most important vegetatively propagated root crops cultivated worldwide (Hejjegar et
al., 2023). Global production exceeds 112 million tons, with Malawi (8.051 million tons), Tanzania
(4.260 million tons), and Nigeria (4.013 million tons) being leading producers in Africa (FAO, 2024).
The crop is widely grown due to its affordability and versatility as a source of food for humans (storage
roots and leaves), animal feed, and industrial raw materials (Yan et al, 2022; Katayama et al, 2017). It
also provides significant health benefits, including alleviating vitamin A deficiency and reducing the
risk of cancer, diabetes, and cardiovascular diseases (Arowolo and Adegbite, 2021). As a hexaploid and
highly heterozygous crop, sweetpotato exhibits substantial genetic variability within and between
populations, which is essential for crop improvement (Zhang et al., 2004; Tripathi et al., 2016). Genetic
variability refers to differences among genotypes or their responses to environmental factors (Badu et
al., 2017; Nurul-Afza et al., 2023). Its exploitation has been fundamental to agriculture, providing
breeders with diversity necessary for selection and improvement (Govindaraj et al., 2015; Swarup et
al., 2021).

The extent of variability is assessed using parameters such as genotypic coefficients of variation
(GCV), phenotypic coefficient of variation (PCV), environmental coefficient of variation (ECV), broad
sense heritability, genetic advance (GA), and genetic advance a percentage of the mean (GAM)
(Demelie and Aragaw, 2016). Higher PCV values than those of GCV indicate environmental influence,
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while high GCV suggests exploitable genetic variability (Tripathi et al., 2019; Rahajeng et al., 2020).
Broad-sense heritability estimates the proportion of phenotypic variance due to genetic factors and,
when combined with GA, provides a reliable basis for selection (Bali et al., 2022). Correlation and path
coefficient analyses further clarify relationships among traits and their direct and indirect effects on
yield (Schober et al., 2018; Tripathi et al., 2016). This study was therefore conducted across two
locations to evaluate the genetic variability among 45 sweet potato accessions in Osun State, Nigeria,
with a focus on improving dry matter content.

MATERIALS AND METHODS
Germplasm Collection and Multiplication

A total of 45 sweet potato cultivars were collected in January 2023 from the National Root
Crops Research Institute (NRCRI), Umudike, Abia State, as well as farmers in Ibadan (Oyo State),
Osunjela (Osun State), and the Federal Capital Territory, Abuja (Table 1). Vine cuttings were multiplied
under irrigation at the Teaching and Research Farm, Osun State University, Ejigbo, for two months to
obtain sufficient planting materials.

Experimental Sites and Design

Field experiments were conducted during the 2023 cropping season at two locations: the
Teaching and Research Farm, Osun State University, Ejigbo (7°54'N, 4°18'E), and the Teaching and
Research Farm, University of Ilesa, Ilesa (7°37'N, 4°42'E), Osun State, Nigeria. Land preparation
involved clearing and ridge formation using hoes. Soil samples were collected using a zigzag sampling
method.

The experiment was laid out in a randomized complete block design (RCBD) with three
replications. Each cultivar was planted in three rows with ten cuttings per row. Vine cuttings (30 cm)
from mature plants were planted vertically at a spacing of 100 cm x 30 cm, giving a plant population
of 33,333 plants ha™.

Agronomic Practices

NPK (15-15-15) fertilizer was applied at 200 kg ha™' at five and eight weeks after planting.
Weeding was carried out manually at four-week intervals. Pest and disease control involved application
of Cyperforce (Cypermethrin 10% EC) at 500 ml ha™ (20 ml per 15 L sprayer) combined with
Mackechnie Gold (60% copper oxide + 12% Metalaxyl).

Data Collection and Analysis

Data were collected from eight randomly selected plants from the inner rows on mature leaf
length, petiole length, internode length, vine length, fresh root yield, fresh shoot yield, and dry matter
content (DMC), following standard procedures (Boney et al., 2014; Tripathi et al., 2016). Marketable
roots were defined as roots weighing more than 150 g (Slosar et al., 2019). Dry matter content was
determined by oven-drying 200 g of fresh root samples at 60°C to constant weight, and calculated with
the formula used by Mourtala et al. (2023).

DMC% = dry weight of tubers « 100
°~ fresh weight of tubers

Combined analysis of variance was performed using R software version 4.5.2. All the
parameters, such as genotypic coefficient of variation (GCV), phenotypic coefficient of variation
(PCV), environmental coefficient of variation (ECV), broad sense heritability, genetic advance (GA),
and genetic advance as a percentage of the mean (GAM) were calculated using the formulas proposed
by Boney et al. (2014), Singh (2020), and Nurul-Afza et al.,, (2023).

RESULTS AND DISCUSSIONS
Results of the study revealed a highly significant differences among genotypes, environments,
and years for most traits, indicating substantial variability among the sweet potato accessions. Mature
leaf length was the only trait not significantly affected. Genotype significantly influenced nearly all
traits, as indicated by very low probability values. Year effects were significant for most characters,
particularly dry matter (DM), internode length (IL), petiole length (PL), fresh shoot yield (FSY), fresh
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root yield (FRY), storage root circumference (SC), and vine length (VL). Environmental effects were
also significant for most traits, except mature leaf length (MLL) and FSY. Genotype x environment
interaction was highly significant for internode length, vine length, petiole length, and petiole colour,
suggesting differential genotype responses across environments (Mwanga et al., 2021). (Table 1).

Table 1. Analysis of Variance for the Studied Traits

Trait Mean Rep Gen Year Env Gen x Env
SC 7.32 5.68™ 5.78™ 5.68™ 6.26™ 0.068
MLL 12.05 0.365 0.478 0.138 0.470 0.459
MLC 2.36 9.48™ 2.96™ 0.783 2.73" 0.918
PL 15.19 0.206 0.0019" 3.34" 2.24" 0.006"
PC 2.55 2.30™ 3.70™ 2.37" 1.70"™ 8.78™
IL 5.22 0.266 6.48"™ 5.54™ 2.35™ 1.12*
MLS 491 2.23" 1.04" 11417 5.51" 1.00
ALVP 2.86 5.76™ 5.02™ 2.35™ 1.26™ 1.00
VL 3.86 0.998 5.64™ 6.53™ 0.0004™ 3.12™
FRY 180.70 0.543 1.39" 3.87" 0.083 1.06"
FSY 427.91 0.235 4.35" 9.64" 0.627 0.270
DM 324.24 0.526 2.84™ 3.72" 3.52" 0.152
* = Significant at 5% level ** = Significant at 1% level

Rep = Replication; Gen = Genotype; Env = Environment; Gen x Env = Genotype x Environment

SC = Stand count, MLL = Mature leaf length, MLC = Mature leaf colour, PL = Petiole length, PC =
Petiole colour, IL = Internode length, MLS = Mature leaf shape, ALVP = Adaxial leaf vein
pigmentation, VL = Vine length, FRY = Fresh root yield, FSY = Fresh shoot yield, DM = Dry matter.

Variability (PCV, GCV, ECV)

The phenotypic coefficient of variation (PCV) was higher than the genotypic coefficient of
variation (GCV) for most traits, indicating environmental influence on trait expression. PCV ranged
from low values in mature leaf shape (MLS, 5.44%) and mature leaf colour (MLC, 9.78%) to very high
values in dry matter (148.96%) and fresh root yield (111.54%). Similarly, GCV ranged from low values
in SC (7.49%), MLL (9.07%), MLC (9.78%), and MLS (5.44%) to high values in PC (86.39%), FSY
(36.94%), FRY (29.29%), VL (25.04%), and DM (28.97%) (Table 2). Environmental coefficient of
variation (ECV) was generally high for most traits, confirming the strong environmental influence,
particularly for DM. These results indicate the presence of adequate genetic variability among the
genotypes.

Heritability and Genetic Advance

High broad-sense heritability was observed for MLC (100%), MLS (100%), abaxial leaf vein
pigmentation (ALVP, 100%), and PC (79%), suggesting strong genetic control of these traits.
Conversely, low heritability was recorded for SC (9%), MLL (18%), PL (4%), IL (17%), VL (29%),
FRY (7%), FSY (16%), and DM (4%) (Table 2) indicating greater environmental influence and limited
effectiveness of direct selection.

Genetic advance (GA) was generally low across traits, except for FSY (129.93%), DM
(37.63%), and FRY (28.63%), which showed high values. Genetic advance as a percentage of the mean
was low for SC (4.55%), MLL (7.88%), and PL (6.00%); moderate for IL (15.02%), MLS (11.21%),
FRY (15.85%), and DM (11.61%); and high for MLC (20.15%), PC (158.60%), ALVP (29.59%), VL
(27.84%), and FSY (30.36%) (Table 2). High GA coupled with moderate to high heritability suggests
additive gene action, while low GA indicates non-additive effects and environmental influence.
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of Variance (PCV), Environmental Coefficient of Variance (ECV), Broad Sense Heritability (Hb),
Genetic Advance (GA) and Genetic Advance as Percent of Mean (GAM) for the Studied Traits

Trait Mean SE GCV(%) PCV(%) ECV(%) Hb(%) GA GAM
sC 7.32 0.08 7.49 2540 2427 9 0.33 455
MLL 12.05 0.11 9.07 2151 1950 18 0.95 7.88
MLC 236 0.03 9.78 9.78 0.00 100 048 20.15
PL 15.19 0.49 1471 7427 7280 4 0.91 6.00
PC 2.55 0.11 8639 9693 4396 79 4.04 158.60
IL 5.22 0.10 1752 4209 3827 17 0.78 15.02
MLS 4.91 0.04 5.44 5.44 0.00 100 055 11.21
ALVP  2.86 0.06 1437 1437 0.0 100 085 29.59
VL 3.86 0.08 2504 4638  39.04 29 1.08 27.84
FSY 18070  8.83 2929 11154 10762 7 28.63 15.85
FRY 42791 17.21 36.94 9256 8487 16 12993  30.36
DM 32424 2101 28.97 14896 14612 4 37.63 11.61

SC = Stand count, MLL = Mature leaf length, MLC = Mature leaf colour, PL = Petiole length, PC =
Petiole colour, IL = Internode length, MLS = Mature leaf shape, ALVP = Adaxial leaf vein
pigmentation, VL = Vine length, FRY = Fresh root yield, FSY = Fresh shoot yield,

DM = Dry matter.

Correlation Analysis

Correlation analysis revealed both positive and negative associations among traits.
Genotypically, DM showed a significant positive correlation with FRY (0.30) and PL (0.10). Stand
count exhibited positive associations with FRY (0.16) and FSY (0.42). MLC was positively correlated
with PC (0.38), ALVP (0.20), and FSY (0.36) (Table 3). Internode length showed a strong positive
correlation with vine length (0.77) but a negative association with FSY (-0.28). Phenotypically, DM
was positively associated with MLL (0.46), IL (0.15), FRY (0.26), and PL (0.18) (Table 3), indicating
the importance of these traits in influencing dry matter accumulation.
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Table 3. Genotypic (above diagonal) and Phenotypic (below diagonal) Correlation Coefficients among Sweet Potato (I. batatas)
Traits Studied among the Genotype

SC MLL MLC PL PC IL MLS ALVP VL FRY FSY DM
SC 1.00 0.34 0.05 0.23 -0.08" -0.18" -0.07 0.06" 0.07" 0.16™ 0.42" 0.08
MLL -0.08 1.00 0.31 0.57" -0.12 -0.25 -0.11 0.12 -0.23 0.45 0.41 0.25
MLC 0.02 0.15 1.00 0.23 0.38" -0.23 0.14 0.20™ -0.17 -0.02 0.36™ 0.13
PL 0.05 0.39™ 0.08 1.00 0.07 -0.17 0.03 0.06 -0.17 0.14 0.15 0.10"
PC -0.05 -0.06 0.34™ -0.02 1.00 -0.24" -0.09 0.61™ -0.26 0.02 -0.03 -0.01
IL -0.15™ 0.14™ -0.11 0.06 -0.12° 1.00 -0.09" -0.20 077"  -0.31™ -0.28™ -0.22
MLS -0.03 -0.05 0.14™ 0.01 -0.08" -0.04 1.00 -0.22™ -0.02 -0.20 0.07 0.18
ALVP 0.02 0.06 0.20™ 0.02 055" -0.10 -0.22™ 1.00 -0.17 0.24 -0.01 0.04
VL -0.04 -0.09 -0.10 -0.06 -0.10 0.33" -0.01 -0.10 1.00 -0.37 -0.15 -0.16
FRY 0.22™ -0.10 -0.01 -0.07 0.04 -0.25™ -0.08 0.10 -0.03 1.00 0.27" 0.30™
FSY 0.15™ 0.02 0.17" 0.04 -0.03 -0.16™ 0.03 0.00 0.05" 0.21™ 1.00 0.51
DM -0.10 0.46™ 0.05 0.18" 0.01 0.15" 0.06 0.01 0.00 0.26™ -0.03 1.00
Significant at 5% level = Significant at 1% level

SC = Stand count, MLL = Mature leaf length, MLC = Mature leaf colour, PL = Petiole length, PC = Petiole colour, IL = Internode length,
MLS = Mature leaf shape, ALVP = Adaxial leaf vein pigmentation, VL = Vine length, FRY = Fresh root yield, FSY = Fresh shoot yield.
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Path Coefficient Analysis

Path coefficient analysis partitioned correlations into direct and indirect effects. Mature leaf
length (0.381) had the highest positive direct effect on dry matter content, followed by fresh shoot yield
(0.325) and fresh root yield (0.287), indicating their importance in selection for improved dry matter
content. In contrast, internode length (-0.267) and petiole colour (-0.010) exerted negative direct effects
on the accumulation of dry matter (Table 4). These results highlight mature leaf length as a key trait for
indirect selection to enhance dry matter content in sweetpotato.
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Table 4. Direct (diagonal) and Indirect Effect of Different Traits on Dry Matter (DM) at Genotypic Level in Sweet Potato

Parameter  SC MLL MLC PL PC IL MLS ALVP VL FRY FSY rg of DM
SC 0.142 0.017 -0.001  0.006 -0.002 0.005  -0.013 0.003 -0.001  0.028 0.227 0.078
MLL -0.062 0.381 0.016 0.014 -0.003  0.007  -0.022 0.006  0.003 0.008 0.218 0.250
MLC 0.006 0.016 0.089 0.030 0.005 0.051  0.003 0.013 0.042 0.080 0.067 0.134
PL -0.014 0.029 0.030 0.102 -0.001 0.036  -0.016 -0.008 0.027 0.042 0.080 0.102
PC 0.018 0.141 0.03 -0.001 -0.010 0.036  0.005 0.002  0.027 0.042 0.076 -0.010
IL -0.014 -0.062 -0.030 -0.017 0.002 -0.267 -0.016 -0.008 -0.123  -0.092 -0.145 -0.217
MLS -0.005 -0.028  0.018 0.003 0.001 0.019  0.086 -0.008 0.004 -0.061 0.035 0.181
ALVP 0.004 0.029 0.027 0.006 -0.006  0.044  -0.039 0.157  0.027 0.073 -0.003  0.037
VL -0.006 -0.058 -0.022  -0.017 0.003 -0.166 -0.004 -0.006  0.151 -0.112 -0.079  -0.161
FRY 0.012 0.114 -0.003  0.014 -0.002 0.067  -0.037 0.009  0.060 0.287 0.140 0.301
FSY 0.032 0.101 0.048 0.015 0.003 0.062  0.013 -0.002  0.025 0.082 0.325 0.511

SC = Stand count, MLL = Mature leaf length, MLC = Mature leaf colour, PL = Petiole length, PC = Petiole colour, IL = Internode length, MLS = Mature
leaf shape, ALVP = Abaxial leaf vein pigmentation, VL = Vine length, FRY = Fresh root yield, FSY = Fresh shoot yield.
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CONCLUSION AND RECOMMENDATION

This study confirms the critical role of genetic variability in sweet potato breeding programmes.
The high PCV and GCV values observed across morphological traits demonstrate substantial diversity
among the cultivars evaluated. Such variability highlights the inadequacy of simple selection methods
in identifying superior accessions. To achieve meaningful genetic improvement, breeding strategies
must incorporate deliberate crossing of genotypes with novel and complementary traits. Harnessing this
variability through systematic breeding approaches will accelerate the development of improved sweet
potato cultivars, thereby enhancing productivity and ensuring the sustainability of breeding efforts. The
integration of molecular characterization with morphological evaluation should be explored to
provide deeper insights into genetic diversity. Similarly, combining conventional selection, crossing,
and genomic tools as long-term breeding strategies needs to be pursued for durable improvement.
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