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Abstract 
 

Purple-fleshed sweetpotato (PFSP) is a vital root crop enhancing food and nutrition security, owing to its high 

anthocyanin content with proven health benefits and industrial potential. This study assessed trait associations 

and genetic parameters in nine PFSP genotypes during the 2025 main cropping season at Hawassa 

Agricultural Research Center, using a randomized complete block design with three replications. Nine key 

traits were evaluated: sweetpotato virus disease (SPVD) severity, vine length, root length and girth, above-

ground biomass, number of roots per plant, marketable/unmarketable root yields, and total root yield. 

Analysis revealed substantial genotypic variability across traits, with genotypic correlations exceeding 

phenotypic ones, highlighting strong genetic effect. High phenotypic (PCV: 61.6–286.2%) and genotypic 

(GCV: 59.6–272.9%) coefficients of variation, coupled with genetic advance as a percent of the mean (GAM) 

up to 536%, indicating robust improvement predictions. Broad-sense heritability (H²) was very high (93.6-
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99.4%), with higher GAM indicating additive gene action for most traits, which is ideal for selection. 

Notably, number of roots per plant, root length, and root girth showed positive correlations with yield, serving 

as reliable selection indices. These findings provide information to develop superior PFSP varieties with 

enhanced yield, anthocyanin levels, and SPVD resistance, to support food security, nutrition, and agro-

industrial applications in Ethiopia. 

 

 
Keywords: Correlations; genetic variability; heritability; purple-fleshed; sweetpotato. 

 

1. Introduction 
 

Sweetpotato (Ipomoea batatas (L.) Lam.), with diverse root flesh colors (mainly white, orange, purple, and 

yellow), is well known for its important role in Sub-Saharan Africa in enhancing food security and improving 

nutrition, especially amid the challenges of climate change. Its robustness and adaptability to marginal 

environments including drought tolerance, ease of cultivation, low external input requirements, and short 

growing period, which make sweetpotato crop vital for climate-affected regions globally (Low et al., 2017; 

Sapakhova et al., 2023). In regions burdened by rising prices of staple foods, recurrent droughts, conflicts, and 

rapidly growing populations, adoption of improved sweetpotato varieties and climate-resilient crops through 

breeding, innovative crop husbandry, and agricultural technologies supports farmer incomes and resilience 

(Mwanga et al., 2017; Alam et al., 2024). Several studies have highlighted sweetpotato’s role during food 

shortages and its ability to alleviate micronutrient deficiencies such as vitamin A deficiency, with farmers and 

stakeholders recognizing its reliability as a buffer against food insecurity in vulnerable areas (Low et al., 2017; 

Sandoval-Ramírez et al., 2021). Sweetpotato provides a rich source of starch, vitamins, antioxidants, and its 

leaves contribute additional nutritional value, meeting both food and nutrition demands for healthier lives (Steed 

& Truong, 2008). Specifically, purple-fleshed sweetpotato (PFSP) is rich in anthocyanins, natural pigments with 

strong antioxidant properties that are linked to health benefits such as lowering the risks of chronic diseases like 

cardiovascular diseases and certain cancers (Li et al., 2018; Ivane et al., 2024). Moreover, PFSP offers a 

valuable source of dietary fiber, vitamins, and minerals, contributing to food and nutritional security, especially 

in regions prone to malnutrition (Low et al., 2017). The evaluation and selection of PFSP varieties are crucial 

since the crop exhibits wide genetic diversity in traits related to yield, disease resistance, root quality, and 

nutritional content (Teow et al., 2006; Leal et al., 2024). Varietal selection aims to identify clones with superior 

agronomic traits such as high yield, drought tolerance, resistance to sweetpotato virus disease                             

(SPVD), and improved anthocyanin content because all of these are essential for enhancing productivity and 

adoption by farmers (Mwanga et al., 2017). Nowadays, the increasing consumer interest in nutrient-enriched 

functional foods drives breeding efforts towards cultivars with enhanced health benefits and market                   

potential (Fortune Business Insights, 2025; Pulidindi, 2025). Furthermore, the industrial applications of PFSP, 

including natural colorants in food and beverage industries, promote economic diversification and value 

addition (Rodríguez-Mena et al., 2023). In general, evaluating and selecting promising purple-                             

fleshed sweetpotato (PFSP) genotypes offers dual nutritional and economic benefits. Beyond supporting food 

security and encouraging sustainable agricultural practices, PFSP breeding taps into emerging                             

markets for functional foods and bio-based products (Pulidindi, 2025). Although these benefits are widely 

recognized, comprehensive information on the variability and trait associations among PFSP varieties in 

Ethiopia remains scanty (Gurmu et al., 2017). Therefore, the present study was designed to assess trait 

association and determine selection criteria in purple-fleshed sweetpotato genotypes for further           

improvements. 

 

2. Materials And Methods 
 

2.1 Experimental Site 
 

“The experiment was conducted during the 2024 main rainy season under rain-fed conditions at the Wondotika 

site, a sub-station of the Hawassa Agricultural Research Center (HwARC)”. The site’s geographic coordinates 

are 7°06'46''N, 38°23'11''E, at an altitude of 1,708 meters above sea level. The area received an average annual 

rainfall of 1007 mm, with minimum and maximum air temperatures of 13.3°C and 27.6°C, respectively, and a 

relative humidity of 62.1%. 

 



 
 
 
 

Wube and Tesema; Asian J. Res. Rev. Agric., vol. 8, no. 1, pp. 8-18, 2026; Article no.AJRRA.2255 

 
 

 
10 

 

2.2 Experimental Materials 
 

Sweetpotato genotypes derived from seven polycross breeding families (n=400) were initially treated with 

concentrated sulfuric acid (98% H2SO4) for 20 to 25 minutes to remove the hard seed coat and enhance 

germination. The seeds were carefully rinsed with running tap water for 5 minutes and then placed on wet filter 

paper in Petri dishes, kept in the dark for 48 hours to sprout. After two to three days, germinated seeds were 

planted on polystyrene seedling trays and later transplanted into 10 L plastic pots containing a mixture of 

topsoil, sand, and manure in a 3:1:1 ratio, respectively. Cuttings were then taken from each genotype within a 

family and transplanted to the field. Under field conditions in an observation nursery, the genotypes were 

characterized for desirable traits following the phenotypic descriptors for sweetpotato (Huamán, 1991). Nine 

promising genotypes were advanced to the further breeding stage and used in the current study (Table 1). 

 

2.3 Experimental Design and Trial Management  
 

The experiment was conducted form July 28th to December 30th, 2024 using nine advanced PFSP genotypes in a 

Randomized Complete Block Design with three replications. Each plot with size of 7.2 m2 (3m length x 2.4m 

width), accommodated four rows (ridges for sweetpotato). Rows were spaced 60 cm apart, and plants within 

each row were spaced 30 cm apart. Replications were separated by 150 cm. Each plot held 40 plants per 

genotype per replication, with each row (ridge) accommodating 10 cuttings. Standard cultural practices were 

uniformly applied across all plots, including replanting of dead vines, earthening-up after four weeks, and 

regular weeding, following recommendations for sweetpotato production in various counties (Gruneberg et al., 

2019). No fertilizer was used. 

 

2.4 Data Collected 
 

Data were collected on agronomic traits, including marketable, unmarketable, and total root yield (t/ha); above-

ground biomass (t/ha); vine length (cm); root length and girth (cm); and sweetpotato virus disease (SPVD) 

severity, scored on a 1-9 scale. Measurements followed the standard data recording procedure for sweetpotato at 

harvest maturity, as described by Grüneberg et al. (2019). 

 

2.5 Data Analysis 
 

2.5.1 Analysis of Genetic Parameters Using Variance Component Estimation 
 

“The phenotypic, genotypic and environmental variances and coefficient of variations were calculated according 

to the formula suggested by Singh and Chaudhury (1985) based on Randomized Complete Block Design 

(RCBD)”. 

 

Environmental variance (2e), =MSe; Genotypic variance (2g) = 
𝑀𝑆𝑔−𝑀𝑆𝑒

𝑟
 

 

Phenotypic variance (2p) =2g +MSe/r; Phenotypic coefficient of variation (PCV) =
√2p 

x̄
∗ 100 

 

Genotypic coefficient of variation (GCV) =
√2g 

x̄
*100 

 

Where, MSg is mean square due to genotypes, MSe is mean square of error (Environmental variance), r is 

number of replication, σ2g is genotypic variance and σ2e is environmental variance, σ2p =Phenotypic variation, 

x̄= Grand mean of the characters under study, PCV = phenotypic coefficient of variation, GCV =genotypic 

coefficient of variation 
 

2.5.2 Estimate of Heritability in Broad Sense 
 

Broad sense heritability (H2) of the traits was est imated  according to the formula suggested by Hanson et 

al. (1956) as follows:  
 

H2 = σ2g/ σ2p*100 
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Where, σ2g = genotypic variance, σ2p = phenotypic variance. “The heritability percentage was categorized as 

low (<50%), moderate (50-70%) and high (>70%), as suggested by Hanson et al. (1956)”.  
 

2.5.3 Genetic Advance under Selection (GA)  
 

The expected genetic advance expressed under selection in broad sense, assuming selection intensity of 5% of 

the superior genotypes were estimated in accordance with the procedure described by Allard (1999) as: 
 

GA=KH2.σp  
 

Where, GA= Expected genetic advance, H2= Heritability in broad sense, σp= Phenotypic standard deviation, k = 

the standardized selection differential at 5% selection intensity (K = 2.06) 
 

Table 1. List of PFSP genotypes used for the study 
 

Code   Name of genotype Pedigree/female 

parent 

Source of 

seeds 

Root yield 

(t/ha) 

Root flesh color 

intensity 

G1 CIP118018-67 PGA12164-21 Ghana 20.33   Intermediate purple 

G2 CIP118030-102 PGN16203-18 Ghana 36.16   Deep purple 

G3 CIP118030-106 PGN16203-18 Ghana 14.05   Deep purple 

G4 CIP118030-100 PGN16203-18 Ghana 16.00   Deep purple 

G5 CIP118021-104 PGA14008-9 Ghana 19.13   Deep purple 

G6 CIP118034-140 TU-Purple Ghana 21.00   Deep purple 

G7 CIP118034-143 TU-Purple Ghana 30.97   Deep purple 

G8 CIP118005-12 Faara Ghana 22.78   Deep purple 

G9 CIP118005-49 Faara Ghana 16.05   Deep purple 
Note: Deep purple types are richer in acylated anthocyanins, which are more stable and give darker coloration, while 

intermediate types have less concentrated or different anthocyanin profiles. 
 

2.5.4 Correlation Analysis 
 

“Phenotypic and genotypic correlations were computed following the method described” by Singh and 

Chaundry (1979) as: 
 

rg=
𝐶𝑐𝑜𝑣𝑥.𝑦

√2gx.2gy
  rp=

𝑃𝑐𝑜𝑣𝑥.𝑦

√2px.2py
 

 

Where, rp and rg are phenotypic and genotypic correlation coefficients, respectively; Pcovx.y and g covx.y are 

phenotypic and genotypic covariance between variables x and y, respectively; σ2px and σ2gx are phenotypic and 

genotypic variances for variable x and y respectively.  
 

SE (rp) = √1−𝑟2𝑝

𝑛−2
  

 

The calculated phenotypic correlation values were tested for its significance using t-test:  
 

t = 
𝑟𝑝

𝑆𝐸(𝑟𝑝)
 

 

Where, n is the number of genotypes tested, r2p is phenotypic correlation coefficient, 

SE (rp) = Standard error of phenotypic correlation  
 

The calculated ''t'' values were compared with the tabulated ''t'' value at (n-2) degree of freedom at 5% 

level of significance. Where, n is number of genotypes.  
 

SErgxy = √1−𝑟2𝑔𝑥𝑦

h2x 
 . h2y  

 

“The coefficients of correlations at genotypic levels were also tested for their significance by the formula 

described by Robertson (1959) as indicated below:  
 

t = 
𝑟𝑔𝑥𝑦

SErgxy 
 

 

Where, h2x = Heritability of trait x and h2y = Heritability of trait y, SErgxy= Standard error of genotypic 

correlation for character x and y. all the analysis was done using SAS software version 9.3” (SAS Institute, 

2011). 
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3. Results and Discussion 
 

3.1 Analysis of Variance Based on Univariate Test of Statistics 
 

Table 2 presents the variability of genotypes based on measured traits using univariate statistics. In this study, 

sweetpotato virus disease (SPVD) exhibited a total standard deviation (SD) of 2.06, a pooled SD of 0.92, and a 

between-genotype SD of 1.96, with an R² of 0.81 and an F-value of 54.56 (p<0.0001). The results obtained 

indicates high variability and a tough proportion of variance explained by genotypic differences in response to 

disease severity which highlighting significant genetic control over SPVD tolerance/resistance (Mwanga et al., 

2021; Tugume et al., 2022). Vine length (VL) presented a total SD of 57.00, a pooled SD of 49.7, a between SD 

of 32.78, an R² of 0.30, and an F-value of 5.22 (p<0.0001). It shows the presence of variability among tested 

genotypes for this trait, as the moderate R² indicates that the genetic variation accounts for about 30% of vine 

length (RL) variability (Falconer & Mackay, 1996), while the significant F-value supports meaningful genetic 

effects that are important for selecting vigorous growth traits in sweetpotato. Root length had a total SD of 3.60, 

a pooled SD of 3.14, a between SD of 2.06, an R² of 0.30, and an F-value of 5.20 (p<0.0001). This moderate 

genetic variance as observed with R² (30%) suggests partial heritability and the presence of opportunity for 

improvement this trait through selection (Falconer & Mackay, 1996). Root girth presented a total SD of 9.04, a 

pooled SD of 8.23, a between SD of 4.6, an R² of 0.23, and an F-value of 3.73 (p<0.0007). The lower R² (23%) 

indicates a stronger environmental influence, yet the significant F-value highlights a genetic component 

important for root girth improvement (Mwanga et al., 2017). AGFW showed a total SD of 6.70, a pooled SD of 

3.00, a between SD of 6.37, an R² of 0.81, and an F-value of 54.00 (p<0.0001), suggesting strong genetic control 

over biomass accumulation, which is closely linked to vigor and biomass yield potential. 

 
The NRPP had a total SD of 1.14, a pooled SD of 0.74, a between SD of 0.94, an R² of 0.60, and an F-value of 

19.00 (p<0.0001). The moderate to high R² indicates significant genetic variability, making this trait a key yield 

component targeted in breeding (Alam et al., 2024b). MYLD showed a total SD of 11.87, a pooled SD of 5.30, a 

between SD of 11.26, an R² of 0.81, and an F-value of 54.21 (p < 0.0001). The high genetic variability, as also 

explained by univariate statistics, including the high R² value explained at 81%, shows its suitability as a 

primary selection trait in breeding programs (Alam et al., 2024b; Merga et al., 2025). UMYLD had a total SD of 

0.12, a pooled SD of 0.09, a between SD of 0.09, an R² of 0.47, and an F-value of 11.13 (p<0.0001). The 

moderate R² shows influence by both the genetic potential of each genotype and the environment where they 

were tested, yet it remains relevant for efforts aiming to reduce losses by selecting suitable genotypes with less 

wastage, i.e., genotypes with low unmarketable root yield (Alam et al., 2024b; Merga et al., 2025). TYLD 

displayed a total SD of 11.87, a pooled SD of 5.31, a between SD of 11.32, an R² of 0.81, and an F-value of 

54.47 (p<0.0001). The strong genetic control is shown by univariate statistics and also by the high R², which 

indicates TYLD as a key trait for sweet potato improvement (Mwanga et al., 2017). 

 

3.2 Association of Traits among Purple-Fleshed Genotypes 
 

Trait associations between nine selected traits were analyzed at both genotypic and phenotypic levels (Table 3). 

Some traits showed highly significant (p<0.01) or significant (p<0.05) positive correlations, while others 

exhibited significant negative correlations. Several trait pairs, however, showed non-significant correlations at 

both levels. Generally, genotypic correlations were stronger than phenotypic correlations, indicating that genetic 

factors underlie most trait associations. Specifically, SPVD showed significant negative correlations with VL (r 

=-0.50, r=-0.28), RL (r=-0.43, r= -0.27), RG (r=-0.70, r = -0.30), AGFW (r=-0.69, r=-0.56), NRPP (r=-0.82, r=-

0.62), MYLD (r=-0.83, r=-0.73), and TYLD (r=-0.83, r=-0.73) at both genotypic and phenotypic levels, 

respectively (Mukasa et al., 2003). A non-significant negative correlation was observed between SPVD and 

UMYLD (r=-0.18) at the phenotypic level 1. (Lamaro et al., 2023). These negative correlations with yield and 

agronomic traits, particularly at the genotypic level, indicate that increased disease severity is genetically linked 

to reduced plant performance and, consequently, lower economic yield like root yield. VL exhibited positive 

correlations with RL, RG, AGFW, NRPP, MYLD, UMYLD, and TYLD, ranging from r=0.37 to r=0.71 at the 

genotypic level. Phenotypically, VL had significant positive correlations with RL, AGFW, NRPP, MYLD, and 

TYLD, “the existence of the positive correlation between storage root yield and other traits suggests that the 

traits could be used as selection criteria for high storage root yield of sweetpotato” (Gasura et al., 2010; 

Tumwegamire et al., 2011; Gurmu et al., 2017; Ustari et al., 2023). However, a non-significant negative 

correlation was observed with RG and a non-significant correlation with UMYLD. The presence of positive 

correlations suggests that longer vines tend to promote better vegetative growth and root production. RL showed 
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significant positive correlations with most traits, including MYLD (r =0.73, r=0.47), except for SPVD (r=-0.43, 

r=-0.27) (Gasura et al., 2010; Tumwegamire et al., 2011), which had significant negative correlations at both 

levels. RL also showed a non-significant positive correlation with RG at the phenotypic level. The positive 

correlations of RL with root yield and related traits suggest that longer roots contribute to improved marketable 

and total yield, while the moderate phenotypic correlation with UMYLD (r=0.30) hints at potential trade-offs or 

variability in root quality. RG exhibited non-significant negative correlations with VL (r=-0.14), non-significant 

positive correlations with RL (r=0.05) and UMYLD (r=0.08), and positive and strong correlations with AGFW 

(r=0.85), NRPP (r=0.42), MYLD (r=0.63), and TYLD (r=0.63) at the genotypic level. At the phenotypic level, 

RG had a significant negative correlation with AGFW (r=-0.70). These associations suggest a direct relationship 

between RG and yield related traits at the genotypic level, indicating environmental influence on root size-yield 

associations. AGFW showed a significant negative correlation (r=-0.56) with SPVD and a non-significant 

correlation (r=0.20) with UMYLD. Significant positive correlations were observed between AGFW and NRPP, 

MYLD, and TYLD at both genotypic and phenotypic levels, indicating that vigorous vegetative growth supports 

yield, although weaker phenotypic correlations suggest environmental effects on trait expression. NRPP showed 

positive and significant correlations with most traits, including MYLD (r=0.86, r=0.73), UMYLD (r=0.70, 

r=0.36), and TYLD (r=0.86, r=0.73), except for SPVD (r=-0.86, r=-0.62) at both levels, indicating that higher 

numbers of roots per plant drive higher yields and represent a key breeding target (Gurmu et al., 2017). MYLD 

had positive and significant correlations with all traits except SPVD at both genotypic and phenotypic levels. 

MYLD was highly correlated with TYLD and NRPP, indicating that marketable roots compose most of the total 

yield. 

 

Table 2. Univariate test of statistics for nine selected traits of purple-fleshed sweetpotato genotypes 

evaluated at Wondotika site in 2024 

 

Traits Total standard 

deviation 

Pooled standard 

deviation  

Between standard 

deviation  

R-

square 

F 

value 

Pr>F 

SPVD 2.06 0.92 1.96 0.81 54.56 <0.0001 

VL 57.00 49.7 32.78 0.30 5.22 <0.0001 

RL 3.60 3.14 2.06 0.30 5.20 <0.0001 

RG 9.04 8.23 4.6 0.23 3.73 <0.0007 

AGFW 6.70 3.00 6.37 0.81 54.00 <0.0001 

NRPP 1.14 0.74 0.94 0.60 19.00 <0.0001 

MYLD 11.87 5.30 11.26 0.81 54.21 <0.0001 

UMYLD 0.12 0.09 0.09 0.47 11,13 <0.0001 

TYLD 11.87 5.31 11.32 0.81 54,47 <0.0001 
Where, SPVD=Sweetpotato virus disease, VL=vine length, RL=root length, RG=root girth, AGFW=Above-ground fresh 

weight, NRPP=Number of root per plant, MYLD=Marketable root yield, UMYLD=Unmarketable root yield, TYLD=Total 

root yield 

 

Table 3. Genotypic (above diagonal) and phenotypic (below the diagonal) correlation coefficients among 

nine traits in 9 PFSP genotypes 

 

Variable SPVD VL RL RG AGFW NRPP MYLD UMYLD TYLD 

SPVD 
 

-0.50 ** -0.43 ** -0.70** -0.69** -0.82*** -0.83*** -0.37 ** -0.83** 

VL  -0.28** 
 

0.43 ** 0.37 ** 0.71** 0.70** 0.58 ** 0.43 ** 0.60** 

RL  -0.27**  0.40** 
 

0.61 ** 0.62** 0.52** 0.73** 0.68** 0.74** 

RG  -0.30**  -0.14 ns  0.05 ns 
 

0.85*** 0.42 ** 0.63 ** 0.08 ns 0.63 ** 

AGFW  -0.56**  0.44**  0.40**  0.27** 
 

0.51 ** 0.66 ** 0.20 ns 0.66 ** 

NRPP  -0.62**  0.38**  0.40**  0.26**  0.41** 
 

0.86*** 0.70** 0.86*** 

MYLD  -0.73**  0.41**  0.47**  0.26**  0.58**  0.73*** 
 

0.58 ** 0.99*** 

UMYLD  -0.18 ns  0.18 ns  0.30**  0.09 ns  0.10 ns  0.36**  0.40** 
 

0.59 ** 

TYLD  -0.73**  0.41**  0.47**  0.23**  0.58**  0.73***  0.99***  0.40** 
 

Where, SPVD=Sweetpotato virus disease, VL=vine length, RL=root length, RG=root girth, AGFW=Above-ground fresh 

weight, NRPP=Number of root per plant, MYLD=Marketable root yield, UMYLD=Unmarketable root yield, TYLD=Total 

root yield 
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3.3 Coefficients of Variations 
 

3.3.1 Phenotypic and Genotypic Coefficient of Variation 
 

The genotypic and phenotypic coefficients of variation exhibited a broad range for the quantitative traits 

assessed (Table 4). In this study, environmental variance was lower than the corresponding genotypic variance, 

indicating. 

 

Table 4. Estimates of variance components, coefficient of variants, heritability and genetic advances 

of nine quantitative traits including SPVD reaction for nine promising PFSP genotypes evaluated at 

Hawassa in 2024 

 

No. Traits  Variance components Coefficient of 

variants 

 Genetic advances 

σ2g σ2p σ2e GCV% PCV% H2 (%) GA  GAM % 

1 SPVD 46.09 46.38 0.86 161.65 162.15 99.41 13.94 331.96 

2 VL 12122.24 12898.61 2329.1 98.23 101.33 93.98 219.88 196.18 

3 RL 47.75 51.04 9.86 59.57 61.59 93.56 13.77 118.7 

4 RG 230.25 253.27 69.05 272.92 286.23 90.91 29.8 536.05 

5 AGFW 484.56 487.61 9.14 238.49 239.24 99.38 45.2 489.76 

6 NRPP 10.42 10.6 0.55 114.45 115.45 98.27 6.59 233.72 

7 MYLD 1514.27 1523.83 28.68 230.12 230.85 99.37 79.91 472.56 

8 UYLD 0.09 0.09 0.01 211.09 214.29 97.04 0.6 428.35 

9 TYLD 1528.19 1537.79 28.8 229.28 230 99.38 80.28 470.84 

 

that genetic factors contributed more substantially to the total observed variation. This suggests that the studied 

traits are primarily genetically controlled, offering potential for improvement through breeding and selection 

strategies (Allard, 1960; Swanckaert et al., 2020). The phenotypic coefficient of variation (PCV) was higher 

than the genotypic coefficient of variation (GCV), as expected (Falconer & Mackay, 1996). The PCV values 

ranged from 61.60% for RL to 286.23% for RG, whereas the GCV values ranged from 59.60% for RL to 

272.92% for RG. Both PCV and GCV values exceeded 20% for all traits (Table 2), indicating high variability 

and thus presenting opportunities for effective selection of superior genotypes for targeted traits (Singh & 

Chaudhury, 1985). “Specifically, a high GCV indicates a low influence of environmental factors on the 

expression of such traits and a greater possibility for improvements through selection and hybridization” 

(Falconer & Mackay, 1996; Acquaah, 2012; Swanckaert et al., 2020). Additionally, Mwanga et al. (2017) 

reported high PCV and GCV values for vine length, number of storage roots per plant, individual root weight, 

and storage root fresh weight in sweetpotato. While, traits with low PCV and GCV values suggest a                    

higher influence of the environment on their expression; hence, selection based on the phenotype alone may not 

be as effective for the improvement of those traits (Sleper & Poehlman, 2006; Rosero et al., 2020).                

“However, since the PCV values were only slightly greater than the GCV values, the variability due to the 

genetic constitution of the genotypes was relatively less influenced by environmental factors” (Singh & 

Chaudhary, 1979). Accordingly, selection for desirable traits should be reasonably effective for sweetpotato 

improvement. 

 

3.3.2 Estimates of heritability  

 

In this estimates of heritability, all the traits exhibited a very high level of broad-sense heritability, ranging from 

93.56% (RL) to 99.41% (SPVD), shown in Table 4, indicating that the studied traits were strongly influenced by 

genetic factors (Kang, 2020) and conversely, less influenced by environmental factors (Falconer & Mackay, 

1996). “These findings are in agreement with a previous report by Mok et al. (1997), who reported high 

heritability for the number of storage roots per plant and storage root weight per plant in sweetpotato 

genotypes”. “However, a study by Mugisa et al., (2022) suggested that in sweetpotato, heritability estimates 

above 60% are quite adequate for achieving good selection advance”. As suggested by Hanson et al. (1956), 

“heritability estimates alone are not sufficient for predicting the results of selection unless accompanied by 

information on genetic advance”. 
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3.3.3 Expected Genetic Advance as Percent of Mean 
  

In the present study, the expected genetic advance, expressed as a percentage of the mean by selecting the top 

5% of the genotypes, varied from 118.7% for RL to 536.05% for RG (Table 4). This indicates that selecting the 

top 5% of high-performing genotypes from the base population could result in an advance of 118.7% to 

536.05% over the population mean. “This indicates that selecting the top 5% of high-performing genotypes from 

the base population could result in an advance of 118.7% to 536.05% over the population mean”. According to 

Johnson et al. (1955), “the genetic advance as a percentage of the mean (GAM) is categorized as low (0-10%), 

moderate (10-20%), and high (>20%). In this study, very high expected GAM values were observed for all traits 

measured, ranging from 118.7% to 536.05% (Table 4). These high GAM values suggest that these characters are 

largely governed by additive genes, and selection would be rewarding for the further improvement of such 

traits” (Falconer & Mackay, 1996). Moreover, high heritability coupled with high genetic advance is a strong 

indicator of the potential for substantial genetic gain from selection and an important factor for predicting the 

resultant effect of selecting the best individuals (Johnson et al. 1955; Falconer & Mackay, 1996). In the present 

study, high heritability, coupled with high GAM values, were observed for all traits measured (Table 4) which 

highlighting that the selection based on these traits would be rewarding.  

 

4. Conclusion 
 

Estimation of genetic parameters and trait associations is essential, as it provides information that enables 

breeders to effectively exploit the available genetic variability among purple-fleshed genotypes for traits of 

interest. This study offers valuable insights into trait associations and genetic variability within nine advanced 

purple-fleshed sweetpotato genotypes across key agronomic and disease-related traits, highlighting their 

valuable potential for further breeding. The high phenotypic and genotypic coefficients of variation, coupled 

with significant genetic advance and broad-sense heritability, indicate opportunities for improvement through 

breeding and selection. The observed trait associations’ further guide targeted breeding efforts, allowing 

simultaneous improvement of multiple desirable traits and can be used to develop effective selection criteria for 

identifying suitable PFSP genotypes for diverse purposes. Overall, improved PFSP can significantly contribute 

to enhancing food and nutrition security, particularly in regions where sweetpotato serves as a staple crop, and it 

can play a vital role in industrial applications by supplying raw materials, which in turn can add economic value 

to the crop. 

 

Disclaimer (Artificial Intelligence) 
 

Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, 

COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript.  
 

Acknowledgements  
 

This work was supported by the Ethiopian Institute of Agricultural Research (EIAR), and the authors gratefully 

acknowledge its financial support for conducting the fieldwork. The authors also thank the Hawassa Agricultural 

Research Center for providing logistical support that facilitated and ensured the successful completion of the 

field trials. 
 

Competing Interests 
 

Authors have declared that no competing interests exist. 
 

References 
 

Acquaah, G. (2012). Principles of plant genetics and breeding. https://doi.org/10.1002/9781118313718 

Alam, Z., Akter, S., Khan, M. A. H., Hossain, M. I., Amin, M. N., Biswas, A., Rahaman, E. H. M. S., et al. 

(2024a). Sweet potato (Ipomoea batatas L.) genotype selection using advanced indices and statistical 

models: A multi-year approach. Heliyon, 10(10), e31569. https://doi.org/10.1016/j.heliyon.2024.e31569 

Alam, Z., Khan, M. A. H., Hossain, M. I., Karim, M. R., Saif, H., Mustakim, A. A. M. M., Molla, M. M. H., 

Islam, M. M., Akhter, S., & Akter, S. (2024b). Genetic variability and diversity analysis for some 

agronomic traits of a sweet potato (Ipomoea batatas L.) collection: Insights for breeding superior 

genotypes. Heliyon, 10(19), e38616. https://doi.org/10.1016/j.heliyon.2024.e38616 



 
 
 
 

Wube and Tesema; Asian J. Res. Rev. Agric., vol. 8, no. 1, pp. 8-18, 2026; Article no.AJRRA.2255 

 
 

 
16 

 

Allard, R. W. (1999b). Principles of plant breeding. John Wiley & Sons. https://www.wiley.com/en-

us/Principles+of+Plant+Breeding%2C+2nd+Edition-p-9780471023098 

Fortune Business Insights. (2025). Functional foods market size, share & trends analysis report by product 

(functional beverages, functional snacks & desserts, dietary supplements), by source, by health benefits, 

by distribution channel, and segment forecasts, 2023–2032. Fortune Business Insights Pvt. Ltd. 

https://www.fortunebusinessinsights.com/functional-foods-market-1022699 

Gasura, E., Mashingaidze, A., & Mukasa, S. (2010). Genetic variability for tuber yield, quality, and virus 

disease complex traits in Uganda sweetpotato germplasm. African Crop Science Journal, 16(2). 

https://doi.org/10.4314/acsj.v16i2.54355 

Gruneberg, W. J., Eyzaguirre, R., Diaz, F., Boeck, B., Espinoza, J., Mwanga, R. O. M., Swanckaert, J., et al. 

(2019). Procedures for the evaluation of sweetpotato trials. Manual. International Potato Center (CIP). 

ISBN: 978‐92‐9060‐522‐5 

Gurmu, F., Shimelis, H. A., & Laing, M. D. (2017). Correlation and path-coefficient analyses of root yield and 

related traits among selected sweetpotato genotypes. South African Journal of Plant and Soil, 35(3), 179–

186. https://doi.org/10.1080/02571862.2017.1354405 

Hanson, C. H., Robinson, H. F., & Comstock, R. E. (1956). Biometrical studies of yield in segregating 

populations of Korean Lespedeza. Agronomy Journal, 48(6), 268–272. 

https://doi.org/10.2134/agronj1956.00021962004800060008x 

Huamán, Z. (Ed.). (1991). Descriptors for sweetpotato. International Board for Plant Genetic Resources, 

International Potato Center, & Asian Vegetable Research and Development Center. ISBN: 92-9043-204-

7 

Ivane, N. M. A., Wang, W., Ma, Q., Wang, J., & Sun, J. (2024). Harnessing the health benefits of purple and 

yellow-fleshed sweet potatoes: Phytochemical composition, stabilization methods, and industrial 

utilization- A review. Food Chemistry X, 23, 101462. https://doi.org/10.1016/j.fochx.2024.101462 

Jain, S. K., & Allard, R. W. (1960). Population studies in predominantly self-pollinated species, I. Evidence for 

heterozygote advantage in a closed population of barley. Proceedings of the National Academy of 

Sciences, 46(10), 1371-1377. https://doi.org/10.1073/pnas.46.10.1371 

Johnson, H. W., Robinson, H. F., & Comstock, R. E. (1955). Genotypic and phenotypic correlations in soybeans 

and their implications in selection. Agronomy Journal, 47(10), 477–483. 

https://doi.org/10.2134/agronj1955.00021962004700100008x 

Kang, M. S. (2020). Quantitative genetics, genomics and plant  breeding (2nd ed.). CABI. 

https://www.cabi.org/bookshop/book/9781789240214 

Lamaro, G. P., Tsehaye, Y., Girma, A., Vannini, A., Fedeli, R., & Loppi, S. (2023). Evaluation of yield and 

nutraceutical traits of orange-fleshed sweet potato storage roots in two agro-climatic zones of northern 

Ethiopia. Plants, 12(6), 1319. https://doi.org/10.3390/plants12061319 

Leal, M. H. S., Júnior, A. D. S., De Pieri, J. R. S., Da Rocha Toroco, B., Oliveira, G. J. A., Leal, J. L. P., 

Olivoto, T., Silva, E. H. C., & Zeist, A. R. (2024). Multi-trait selection for mean performance and 

stability in purple-fleshed sweet potato. South African Journal of Botany, 174, 571–579. 

https://doi.org/10.1016/j.sajb.2024.09.048 

Li, W., Yu, H., Zhang, X., Ke, M., & Hong, T. (2018). Purple sweet potato anthocyanin exerts antitumor effect 

in bladder cancer. Oncology Reports. https://doi.org/10.3892/or.2018.6421 

Low, J. W., Mwanga, R. O., Andrade, M., Carey, E., & Ball, A. (2017). Tackling vitamin A deficiency with 

biofortified sweetpotato in sub-Saharan Africa. Global Food Security, 14, 23–30. 

https://doi.org/10.1016/j.gfs.2017.01.004 

Mackay, T. F. (2001). The genetic  architecture of quantitative traits. Annual review of genetics, 35(1), 303-339. 

DOI:10.1146/annurev.genet.35.102401.090633 

Merga, M. A., Mourtala, I. Z. M., Abtew, W. G., & Oselebe, H. O. (2025). Genetic diversity and nutritional 

analysis of sweet potato [Ipomoea batatas (L.) Lam.] genotypes in Abakaliki, Nigeria. BMC Plant 

Biology, 25(1). https://doi.org/10.1186/s12870-025-06558-y 

Mok, G., Tjintokohadi, N. L., & Hoang, T. D. (1997). Sweet potato breeding strategy and germplasm testing in 

Southeast Asia. In International Potato Center program report, 1995-96 (pp. 104-109). International 

Potato Center.  

Mugisa, I., Karungi, J., Musana, P.,  Odama, R., Alajo, A., Chelangat, D. M., ... & Yada, B. (2022). Combining 

ability and heritability analysis of sweetpotato weevil resistance, root yield, and dry matter content in 

sweetpotato. Frontiers in Plant Science, 13, 956936. https://doi.org/10.3389/fpls.2022.956936 

Mukasa, S. B., Rubaihayo, P. R., & Valkonen, J. P. T. (2003). Incidence of viruses and virus-like diseases of 

sweetpotato in Uganda. Plant Disease, 87(4), 329–335. https://doi.org/10.1094/pdis.2003.87.4.329 



 
 
 
 

Wube and Tesema; Asian J. Res. Rev. Agric., vol. 8, no. 1, pp. 8-18, 2026; Article no.AJRRA.2255 

 
 

 
17 

 

Mwanga, R. O. M., Andrade, M. I., Carey, E. E., Low, J. W., Yencho, G. C., & Grüneberg, W. J. (2017). 

Sweetpotato (Ipomoea batatas L.). In Springer eBooks (pp. 181–218).  

 https://doi.org/10.1007/978-3-319-59819-2_6 

Mwanga, R. O. M., Swanckaert, J., Da Silva Pereira, G., Andrade, M. I., Makunde, G., Grüneberg, W. J., 

Kreuze, J., et al. (2021). Breeding progress for vitamin A, iron and zinc biofortification, drought 

tolerance, and sweetpotato virus disease resistance in sweetpotato. Frontiers in Sustainable Food 

Systems, 5. 

  https://doi.org/10.3389/fsufs.2021.616674 

Pulidindi, K. (2025). Functional foods market size - Industry analysis report, regional outlook, growth potential, 

competitive market share & forecast, 2025 - 2034. Global Market Insights Inc. 

https://www.gminsights.com/industry-analysis/functional-foods-market 

Robertson, A. (1959). The sampling variance of the genetic correlation coefficient. Biometrics, 15(3), 469. 

https://doi.org/10.2307/2527750 

Rodríguez-Mena, A., Ochoa-Martínez, L. A., González-Herrera, S. M., Rutiaga-Quiñones, O. M., González-

Laredo, R. F., Olmedilla-Alonso, B., & Vega-Maturino, S. (2023). Coloring potential of anthocyanins 

from purple sweetpotato paste: Ultrasound-assisted extraction, enzymatic activity, color and its 

application in ice pops. Food Chemistry Advances, 3, 100358. 

https://doi.org/10.1016/j.focha.2023.100358 

Rosero, A., Sierra, C., Pastrana, I., Granda, L., Pérez, J., Martínez, R., Morelo, J., Espitia, L., Araujo, H., & De 

Paula, C. (2020). Genotypic and environmental factors influence the proximate composition and quality 

attributes of sweetpotato (Ipomoea batatas L.). Agriculture & Food Security, 9(1). 

https://doi.org/10.1186/s40066-020-00268-4 

Sandoval-Ramírez, B., Catalán, Ú.,   Llauradó, E., Valls, R., Salamanca, P., Rubió, L., Yuste, S., & Solà, R. 

(2021). The health benefits of anthocyanins: An umbrella review of systematic reviews and meta-

analyses of observational studies and controlled clinical trials. Nutrition Reviews, 80(6), 1515–1530. 

https://doi.org/10.1093/nutrit/nuab086 

Sapakhova, Z., Raissova, N., Daurov, D., Zhapar, K., Daurova, A., Zhigailov, A., Zhambakin, K., & 

Shamekova, M. (2023). Sweetpotato as a key crop for food security under the conditions of global 

climate change: A review. Plants, 12(13), 2516.  

 https://doi.org/10.3390/plants12132516 

SAS Institute Inc. (2011). SAS/STAT user's guide (Version 9.3). 

https://support.sas.com/documentation/onlinedoc/stat/ 

Singh, R. K., & Chaudhary, B. D. (1979). Biometrical methods in quantitative genetic analysis. Kalyani 

Publishers.  

 https://agris.fao.org/agris-search/search.do?recordID=US201300553084 

Sleper, D. A., & Poehlman, J. M. (2006). Breeding field crops (5th ed.). Wiley-Blackwell. 

https://www.wiley.com/en-us/Breeding+Field+Crops,+5th+Edition-p-9780813824284 

Steed, L., & Truong, V. (2008). Anthocyanin content, antioxidant activity, and selected physical properties of 

flowable Purple‐Fleshed sweetpotato purees. Journal of Food Science, 73(5). 

https://doi.org/10.1111/j.1750-3841.2008.00774.x 

Swanckaert, J., Akansake, D., Adofo, K., Acheremu, K., De Boeck, B., Eyzaguirre, R., Grüneberg, W. J., Low, 

J. W., & Campos, H. (2020). Variance component estimations and mega‐environments for sweetpotato 

breeding in West Africa. Crop Science, 60(1), 50–61.  

 https://doi.org/10.1002/csc2.20034 

Teow, C. C., Truong, V., McFeeters, R. F., Thompson, R. L., Pecota, K. V., & Yencho, G. C. (2006). 

Antioxidant activities, phenolic and β-carotene contents of sweet potato genotypes with varying flesh 

colours. Food Chemistry, 103(3), 829–838. https://doi.org/10.1016/j.foodchem.2006.09.033 

Tugume, A. K., Mbanzibwa, D. R., Alicai, T., Omongo, C. A., & Maruthi, M. N. (2022). Endemism and 

reemergence potential of the Ipomovirus sweet potato mild mottle virus (Family: Potyviridae) in Eastern 

Africa: Half a century of mystery. Phytobiomes Journal, 7(1), 5–28.  

 https://doi.org/10.1094/pbiomes-05-22-0031-rvw 

Tumwegamire, S., Rubaihayo, P. R., LaBonte, D., Diaz, F., Kapinga, R., Mwanga, R. O. M., & Grüneberg, W. 

J. (2011). Genetic diversity in white- and orange-fleshed sweetpotato farmer varieties from East Africa 

evaluated by simple sequence repeat markers. Crop Science, 51(3), 1132–1142. 

https://doi.org/10.2135/cropsci2010.07.0407 



 
 
 
 

Wube and Tesema; Asian J. Res. Rev. Agric., vol. 8, no. 1, pp. 8-18, 2026; Article no.AJRRA.2255 

 
 

 
18 

 

Ustari, D., Wicaksono, A. A., Concibido, V., Suganda, T., Ruswandi, D., Ruminta, N., & Karuniawan, A. 

(2023). Genetic variation of new purple-fleshed sweet potato (Ipomoea batatas L.) genotypes in 

Indonesia   by multivariate analysis.  

   International Journal of Agronomy, 2023, 1–12. https://doi.org/10.1155/2023/1356789 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and 

contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for any injury to people or 

property resulting from any ideas, methods, instructions or products referred to in the content. 

__________________________________________________________________________________________ 
© Copyright (2026): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms of the 
Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and 

reproduction in any medium, provided the original work is properly cited. 

 

 
 

 

Peer-review history: 

The peer review history for this paper can be accessed here: 

https://prh.globalpresshub.com/review-history/2255  

https://prh.globalpresshub.com/review-history/2255

