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ABSTRACT

Background and Objective: Musa spp. (banana, AAA and plantain, AAB) serves as a vital staple crop for
food security and income in West Africa, yet it faces breeding challenges due to trait variability and
sterility. This study characterized the agronomic, bioactive, mineral, and proximate traits of 10 Musa spp.
at the National Horticultural Research Institute (NIHORT) in Ibadan, Nigeria, to identify superior multi-trait
genotypes. Materials and Methods: Field trials measured yield components (bunch weight, hands, fruit
length), phenology, and suckers. Fruits underwent triplicate analyses for bioactive, mineral, colour, and
proximate composition following the Association of Official Analytical Chemists (AOAC) standard methods.
All data were analyzed using the R statistical software. Results: The analysis of variance confirmed highly
significant phenotypic differences (p<0.001) across traits. ITC1352 SH3764 achieved the highest
bunch weight (23.40 kg) and fruit length (11.43 cm). The MOO9 and NHPNO52 led to -carotene (466.00,
452.00 pg/qg) and total carotenoids. Correlations showed associations with the yield trait (bunch weight
and mid-hand: r = 0.85) and with nutritional trade-offs (moisture vs. carbohydrates: r = -1.00). Principal
component analysis explained 90% of total variation across five components, with PC1 and PC2 capturing
62% (PC1: carotenoids, fat, iron vs. moisture, vitamin C; PC2: yield traits vs. flavonoids, pH). Clustering
analysis gave three groups: nutrient-rich (MOO9, NHPN052, NHPNO054), high-yielding hybrids, and diverse
landraces. Genotype by yield xtrait analysis ranked ITC1352 SH3764 highest (S| = 1.47), ideal for yield and
quality. Conclusion: Multivariate approaches revealed agronomic-nutritional performance, identifying
ITC1352 SH3764, NHPNO54, and ITC1350 SH3748 as elite parents for resilient, nutrient-dense banana and
plantain breeding.
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INTRODUCTION

Banana (Musa spp., AAA and AAB genome groups), a member of the Musaceae family, originated in
Southeast Asia as a perennial herbaceous species. It is one of the most important staple and cash crops
supporting global food security, nutrition, and rural livelihoods in tropical regions, particularly in Central
and West Africa’. In addition to its role as a major source of dietary energy, bananas provide essential
nutrients, including complex carbohydrates, dietary fibre, minerals, and vitamins, making both its
productivity and quality critical for human health and income generation®. It is used in fried, boiled,
roasted, and flour-based products.

Despite its importance, production and utilization are constrained by substantial variability in agronomic
traits, bioactive compounds, minerals, and proximate composition arising from differences among
cultivars, environments, and management practices, which directly influence yield, processing suitability,
and consumer acceptance'. Genetic improvement is further limited by triploid sterility, susceptibility to
pests and diseases, vulnerability to climate stress, and trade-offs between yield, resistance, and consumer-
preferred quality attributes®. Under these constraints, systematic characterization and effective
exploitation of existing germplasm remain the most practical and reliable strategy for identifying high-
performing and resilient varieties®.

However, most previous studies have evaluated agronomic or nutritional traits in isolation, which restricts
understanding of how multiple traits interact to determine overall performance and end-use quality. This
fragmented approach limits the identification of cultivars that combine high yield with superior nutritional
and processing attributes. Holistic, multi-trait evaluation is therefore essential for evidence-based selection
in banana and plantain improvement programmes.

Multivariate statistical methods such as principal component analysis, cluster analysis, correlation analysis,
and discriminant function analysis provide a powerful framework for analysing complex, interrelated traits
by reducing dimensionality, identifying the major contributors to variation, and grouping genotypes based
on multi-trait performance’. In addition, genotype by yieldxtrait (GYT) biplot analysis offers a robust
approach to quantify genetic variability, trait associations, and superior genotypes by reducing
dimensionality, identifying key trait contributors to total variance, and ranking accessions based on yield-
trait combinations rather than isolated traits®. The GYT biplot, in particular, visualizes genotype
performance across yield multiplied by target traits, enabling objective selection of multi-trait superior
varieties that prioritize high yield alongside desirable attributes, which is critical for banana and plantain
breeding where yield often trades off with quality. By exploiting trait interrelationships often overlooked
by univariate approaches, these methods enable more precise identification of superior genotypes for
breeding and cultivation®.

Hence, this study integrates agronomic traits, bioactive compounds, minerals, and proximate parameters
to comprehensively evaluate Musa spp. germplasm with the objectives of assessing genetic variability,
determining trait associations, identifying key drivers of variation, and ranking varieties based on their
combined agronomic and nutritional performance.

MATERIALS AND METHODS

Study site: Field trials were conducted from June 2024 to May 2025 at the National Horticultural Research
Institute (NIHORT) in Ibadan, Oyo State, Nigeria (7°22 N, 3°54 E), within the humid forest agro-ecological
zone of Southwestern Nigeria. This tropical region features bimodal rainfall (1,200-1,500 mm annually),
distinct wet (April-October) and dry (November-March) seasons, and sandy loam soils (pH 5.5-6.5)
conducive to Musa spp. cultivation.
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Fig. 1: Musa spp. evaluated in the study

Table 1: Genetic materials used in the study

SN Genotype Type Source

1 ITC1307 SH3640 Dessert banana hybrid (AAAB) NIHORT
2 ITC1352 SH3764 Dessert banana hybrid (AAAB) NIHORT
3 ITC1350 SH3748 Dessert banana hybrid (AAAB) NIHORT
4 PITA2 Plantain hybrid (AAB) NIHORT
5 PITA3 Plantain hybrid (AAB) NIHORT
6 Cappa plantain/lpupu Cooking banana (AAB) NIHORT
7 Red omini Landrace banana (AAA) NIHORT
8 MOQO9 Landrace plantain (AAB) NIHORT
9 NHPNO54 Landrace plantain (AAB) NIHORT
10 NHPNO52 Landrace plantain (AAB) NIHORT

NIHORT: National Horticultural Research Institute

Planting materials: Ten Musa spp. comprising both AAA and AAB genome groups were evaluated,
including landraces, hybrids, and dessert banana cultivars from NIHORT's breeding programme (Table 1,
Fig. 1). These genotypes were selected to represent diversity in yield potential, disease resistance, and local
adaptability, enabling robust multi-trait assessment under humid tropical conditions.

Data collection: Agronomic traits were measured on field-grown plants. Plant height at flowering was
recorded as the distance (cm) from soil level to the angle formed by the bunch stalk and the bunch cover
leaf. Days to flowering were defined as the number of days from planting to inflorescence emergence (i.e.,
appearance of the first floral bract). Days to fruit filling were calculated as the number of days from
inflorescence emergence to bunch harvest. Bunch weight (kg) was determined by severing the peduncle
above the first hand (at the level of the last scar) and immediately below the last hand. Mid-hand
weight (kg), fruit length (cm), and sucker count were also recorded. Four to five healthy, uniformly ripened
fruits per genotype and replication were harvested, washed, peeled, sliced, and oven-dried at 60°C.
Analyses of bioactive compounds, colour attributes, mineral elements, and proximate composition
were conducted in triplicate at the Product Development Laboratory of the National Horticultural Research
Institute (NIHORT), Ibadan, Nigeria, following standard procedures of the Association of Official Analytical
Chemists™.

The bioactive parameters evaluated included pH, total soluble solids (TSS, °Brix), B-carotene (ug/g), total
phenolics (mg 100/qg), flavonoids (mg 100/g), vitamin C (mg 100/g), and total carotenoids (ug/g). Fruit
colour was quantified using the CIELAB system, comprising L* (lightness), a* (red-green coordinate), and
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Table 2: Mean squares of agronomic traits, bioactive compounds, minerals, and proximate composition of the Musa spp. evaluated

Source

Genotype Replication Error
Trait df =9 df =2 df =18 CV (%) R?
Agronomic trait
Height at flowering (cm) 0.16™ 0 0.03 6.83 0.74
Days to flowering 2394.09™ 303.70 146.18 4.54 0.89
Days to fruit filling 2747.117 103.30 265.56 443 0.84
Bunch weight (kg) 77.49™ 6.83 3.21 12.26 0.93
Number of hands 4734 7.60 5.30 29.15 0.82
Weight of mid-hand (kg) 045™ 0.05 0.02 7.09 0.93
Fruit length (cm) 7277 0.31 0.20 4.30 0.95
Number of suckers 7.96™ 0.23 0.71 15.01 0.85
Bioactive compound
pH 0.04™ 0 0 0.15 1
TTS (°Brix) 39.86™ 0 0.02 0.59 1
B-Carotene (ug/g) 471013 343 20.21 1.10 0.99
Phenolic (mg/100g) 998.117 40.06 26.80 2.04 0.95
Flavonoid (mg/100g) 101.207 5.50 19.04 2.99 0.73
Vitamin C (mg/100g) 10.30™ 0.12 0.14 1.77 0.97
Total carotenoid (ug/g) 6782.59™ 4.94 29.10 1.10 0.99
Proximate composition
Protein (g/100g) 0.03™ 0 0 0.47 1
Moisture (g/100g) 119.95™ 0.61 0.61 1.17 0.99
Ash (g/100g) 0.26™ 0 0 3.83 0.98
Fibre (g/100q) 0.07™ 0 0 0.78 0.99
Fat (g/1009) 0.01™ 0 0 4.84 0.97
Carbohydrate (g/100g) 113.877 0.49 0.61 2.79 0.99
Mineral composition
Potassium 12139.58™ 12.66 11.40 0.95 1
Sodium 1.18™ 0.01 0.02 393 0.98
Calcium 20.87" 0 0.02 1.55 1
Zinc 0 0 0 4.97 0.79
Iron 0.07™ 0 0 3.85 0.98
Colour
L* (lightness) 27.75™ 0.35 0.53 1.67 0.96
a* (red/green coordinate) 11.79™ 0.05 0.10 2.34 0.98
b* (yellow/blue coordinate) 47.84™ 0.31 0.57 1.95 0.98

** ***Significantat 0.01 and 0.001, respectively df: Degree of freedom, CV: Coefficient of variation and R% Coefficient of determination

b* (yellow-blue coordinate). Mineral composition was determined for potassium (K), sodium (Na),
calcium (Ca), zinc (Zn), and iron (Fe). Proximate analysis included moisture, ash, crude protein, crude fat,
crude fibre, and carbohydrate contents, all expressed on a dry-weight basis (g 100/g).

Statistical analyses: Data were analyzed using R software (version 4.4.1; R Core Team, 2024). Analysis of
Variance (ANOVA) was used to test for genotypic differences, with means separated by Fisher's least
significant difference (LSD) test at a significance level of p<0.05. Pearson correlation coefficients assessed
trait associations''. Principal Component Analysis (PCA) identified major sources of variation and key
contributors to traits'?. Hierarchical cluster analysis used Ward's method with Euclidean distances to group
genotypes. Genotype by yieldxtrait (GYT) analysis generated yieldxtrait biplots and Superiority
Indices (SI) to rank multi-trait performance®™".,

RESULTS

Analysis of variance: The mean squares from Analysis of Variance (ANOVA) revealed highly significant
differences (p<0.001) among the Musa spp. evaluated for all agronomic traits, which include height at
flowering, days to flowering, days to fruit filling, bunch weight, hands per bunch, mid-hand weight, fruit
length, and sucker number (Table 2). The coefficient of determination showed high predictability
(R? = 0.74-0.95) with an acceptable coefficient of variation (CV = 4.30-29.15%).
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Bioactive compounds exhibited highly significant genotypic effects (p<0.001) for pH, TSS (°Brix),
B-carotene, phenolics, vitamin C, and total carotenoids, with flavonoids significant at p<0.01
(R? = 0.73-1.00). Proximate composition displayed highly significant differences (p<0.001) across all
parameters (protein, moisture, ash, fiber, fat, carbohydrates), with excellent model fit (R? = 0.97-1.00;
CV <5%). Colour coordinates (L*, a*, b*) and minerals (K, Na, Ca, Zn, Fe) also varied significantly (p<0.001;
R? = 0.79-1.00), confirming substantial genotypic diversity.

Mean performance: Among agronomic traits, ITC1352 SH3764 recorded the highest bunch weight
(23.40 kg) and fruit length (11.43 c¢m), while PITA3 had the lowest bunch weight (8.13 kg) (Table 3).
Cappa/Ipupu exhibited maximum height at flowering (2.66 m), contrasting with MOQO9 (1.85 m). ITC1307
SH3640 showed the longest days to flowering (335.67 days) and fruit filling (442.67 days), whereas
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Fig. 2: Correlogram showing the relationship among agronomic traits, bioactive compounds, minerals, and

proximate composition of the evaluated Musa spp.

The cell value denotes correlation coefficient (r) values. hfl: Height at flowering (cm), dfl: Days to flowering, dff: Days to fruit
filling, bwt: Bunch weight (kg), noh: Number of hands, wom: Weight of mid-hand (kg), fl: Fruit length (cm), nos: Number of
suckers, L*: Lightness, a*: Red/green coordinate, b*: Yellow/blue coordinate, K: Potassium, Na: Sodium, Ca: Calcium, Zn: Zinc,
Fe:lron and CHO: Carbohydrate. Colour coordinates showed strong positive interrelations: a* with total carotenoids (r = 0.93,
p<0.001) and b* (r = 0.92, p<0.001); vitamin C negatively correlated with b* (r = -0.91, p<0.001) and a*
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Table 4: Eigenvalues, variability, and factor loadings of principal components for agronomic traits, bioactive compounds, minerals,
and proximate composition of Musa spp. evaluated

Traits PC1 PC2 PC3 PC4 PC5
Height at flowering (cm) -0.13 -0.01 -0.07 0.00 -0.41
Days to flowering -0.05 -0.03 0.38 0.33 0.17
Days to fruit filling -0.09 -0.08 033 0.24 0.35
Bunch weight (kg) 0.04 -0.36 -0.25 -0.09 0.09
Number of hands -0.14 -0.32 -0.19 -0.12 -0.16
Weight of mid-hand (kg) 0.01 -0.38 -0.21 0.04 -0.20
Fruit length (cm) -0.03 -0.32 -0.10 0.26 0.23
Number of suckers -0.09 -0.37 0.00 0.26 0.16
Protein (g/100g) 0.00 -0.03 0.35 -0.43 -0.08
Moisture (g/100g) -0.26 -0.07 0.00 -0.14 0.02
Ash (g/100g) 0.25 0.07 -0.06 -0.09 0.12
Fibre (g/100qg) -0.23 0.00 0.14 0.10 -0.11
Fat (g/100g) 0.26 -0.04 -0.02 -0.08 0.22
Carbohydrate (g/100g) 0.26 0.07 -0.01 0.15 -0.02
pH -0.22 0.25 -0.05 -0.05 -0.02
Total soluble solids (TSS) 0.1 -0.03 0.40 0.04 -0.29
B-carotene 0.26 -0.07 0.02 -0.11 0.05
Phenols -0.03 0.25 -0.22 0.23 0.22
Flavonoids -0.01 0.26 -0.29 0.22 -0.16
Vitamin C -0.25 -0.07 0.12 0.08 -0.13
Total carotene 0.26 -0.07 0.02 -0.11 0.05
Lightness (L*) 0.14 -0.27 0.22 0.02 -0.21
Red/Green coordinate (a*) 0.27 0.02 0.06 -0.01 -0.15
Yellow/Blue coordinate (b*) 0.26 0.14 -0.03 -0.03 -0.01
Potassium 0.20 -0.08 -0.19 0.19 -0.17
Sodium 0.12 0.06 -0.02 0.46 -0.34
Calcium 0.18 -0.19 0.10 0.07 -0.11
Zinc -0.20 -0.11 -0.15 -0.18 0.07
Iron 0.26 -0.07 -0.06 -0.08 0.16
Eigenvalue 13.05 4.86 3.99 2.46 1.63
Proportion (%) 45 17 14 8 6

Cumulative (%) 45 62 76 84 90

PC: Principal component and Bolded values contributed higher to variation

ITC1350 SH3748 flowered earliest (241.67 days) and NHPNO52 had the shortest fruit fill
(328.33 days). The highest number of hands per bunch was observed in ITC1350 SH3748 (15.67), and the
lowest was in PITA3 (4.67). ITC1307 SH3640 had the highest number of suckers, followed closely by
ITC1352 SH3764.

Bioactive compounds varied as PITA3 achieved the highest TSS (25.70 °Brix) and ITC1350 SH3748
maximum lightness (L* = 46.40). NHPNO52 excelled in minerals, with peak potassium (484.33 mg/kg),
sodium (3.90 mg/kg), and calcium (13.90 mg/kg). Nutritionally, MOO9 and NHPNO52 led B-carotene
(466.00 and 452.00 ug/g) and total carotenoids. Moisture ranged from 74.01 g/100 g (ITC1352 SH3764)
to 57.48 g/100 g (NHPNO52), while carbohydrates peaked in NHPN052 (37.17 g/100 g) and MOQO9
(34.91 g/100 g). Protein ranged from 1.12-1.48 g/100 g, and phenolics reached 279.00 mg/100 g in PITA2
versus 223.02 mg/100 g in ITC1350 SH3748.

Trait associations: Pearson correlation coefficients revealed significant linear relationships among
traits (Fig. 2). Agronomic traits displayed a strong positive linkage between days to flowering and bunch
filling (r = 0.92, p<0.001). Bunch weight positively associated with mid-hand weight (r = 0.85, p<0.01) and
hands per bunch (r = 0.68, p<0.05); fruit length was strongly associated with sucker number (r = 0.81,
p<0.01).
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Table 5: Standardized GYT and mean Superiority Index of agronomic, proximate, and bioactive compounds of the evaluated

Musa spp.
Genotype

ITC1352 ITC1350 ITC1307 Red Cappa/lpupu

SH3764  NHPNO54 SH3748 MOO9 NHPN052  SH3640 Omini plantain PITA2  PITA3
Y xhfl 1.76 1.10 0.94 -0.39 0.23 -0.04 -0.61 -0.58 -1.17 -1.24
Yxnoh 2.04 0.07 1.60 -042 -0.47 -0.18 -0.56 -0.48 -0.75 -0.85
Yxwom 1.96 0.72 1.12 0.07 0.02 -0.26 -0.94 -0.83 -0.92 -0.95
Y xfl 1.70 0.73 0.87 0.31 0.12 0.41 -1.08 -0.59 -1.28 -1.18
Yxnos 2.06 0.08 0.95 0.16 -0.28 0.65 -1.02 -0.76 -0.95 -0.88
Y/dfl 1.67 0.87 1.02 0.48 0.27 -0.63 -0.67 -0.59 -1.20 -1.22
Y/dff 1.62 0.91 0.98 0.36 0.49 -0.55 -0.72 -0.66 -1.17 -1.27
YxBcaro 132 1.24 0.63 0.77 0.46 -0.28 -0.75 -1.06 -1.12 -1.21
YxTTS 0.40 1.24 141 0.40 0.54 0.29 -0.83 -1.43 -0.98 -1.03
Yxphen 2.03 0.75 0.41 0.46 0.23 -0.15 -0.72 -0.59 -1.03 -1.39
Y xflav 1.84 1.05 0.69 0.35 0.13 -0.24 -0.79 -0.66 -1.11 -1.25
Y xvitc 1.88 0.63 1.17 -0.04 -0.20 0.20 -0.67 -0.64 -1.20 -1.13
Yxtcaro 132 1.24 0.63 0.77 0.46 -0.28 -0.75 -1.06 -1.12 -1.21
Yxprotein 135 1.01 117 0.33 0.16 0.02 -0.39 -1.09 -1.22 -1.34
Yxash 0.62 1.86 0.09 1.18 0.40 -0.59 -0.71 -0.88 -0.94 -1.03
Yxfibre 2.04 0.62 0.90 0.10 -0.04 0.08 -0.61 -0.78 -1.10 -1.20
Y xoil 0.63 1.50 0.15 1.21 0.78 -0.27 -0.72 -1.03 -0.95 -1.30
YxCHO 0.50 1.58 0.13 1.05 1.04 -0.37 -1.10 -0.90 -0.86 -1.08
Y/moisture  1.22 131 0.53 0.75 0.64 -0.25 -0.93 -0.91 -1.10 -1.26
Mean (SI) 1.47 0.97 0.81 0.42 0.26 -0.13 -0.77 -0.82 -1.06 -1.16

Y(yield) is bwt: Bunch weight (kg), hfl: Height at flowering (cm), dfl: Days to flowering, dff: Days to fruit filling, bwt: Bunch weight
(kg), noh: Number of hands, wom: Weight of mid-hand (kg), fl: Fruit length (cm), nos: Number of suckers, Bcaro: 3-Carotene (ug/g),
phen: Phenolic (mg/100g), flav: Flavonoid (mg/100g), vitc: Vitamin C (mg/100g), tcaro: Total carotenoid (ug/g), CHO: Carbohydrate
(9/100g) and Sl: Superiority index

B-Carotene exhibited perfect positive correlation with total carotenoids (r = 1.00, p<0.001) and
strong positive association with oil content (r = 0.92, p<0.001), but strong negative correlation with
pH (r = -0.86, p<0.01). Moisture positively associated with vitamin C (r = 0.85, p<0.01) and fiber (r = 0.81,
p<0.01), yet strongly negatively correlated with carbohydrates (r = -1.00, p<0.001), ash (r = -0.85, p<0.01),
oil (r = -0.84, p<0.01), and iron (r = -0.84, p<0.01). Oil strongly positively correlated with iron (r = 0.97,
p<0.001) and negatively with vitamin C (r = -0.93, p<0.001). (r = -0.84, p<0.001). TSS moderately positively
correlated with L* (r = 0.72, p<0.05).

Principal component analysis: The first five principal components (PC) accounted for 90% of total
variation, with PC1 (45%) and PC2 (17%) explaining 62% (Table 4, Fig. 3). The PC1 (Eigenvalue 13.05)
contrasted nutritional quality traits with moisture: positive loadings for fat (0.26), carbohydrates
(0.26), B-carotene (0.26), total carotenoids (0.26), iron (0.26), a* (0.27), b* (0.26), ash (0.25); negative for
moisture (-0.26), vitamin C (-0.25), pH (-0.22), fiber (-0.23), zinc (-0.20). The PC2 (Eigenvalue 4.86)
separated yield traits from bioactive properties: strong negative loadings for mid-hand weight (-0.38),
suckers (-0.37), bunch weight (-0.36), fruit length (-0.32), hands (-0.32), L* (-0.27); positive for flavonoids
(0.26), pH (0.25), phenols (0.25). PC3 to PC5 captured phenology (days to flowering/filling: 0.33-0.38
in PC3), sodium (0.46 in PC4), and height in PC5 (-0.41).

The PCA biplot revealed four genotype clusters (Fig. 3): upper left (Cappa/lpupu, Red Omini, PITA3); lower
left (ITC1307 SH3640, ITC1352 SH3764, ITC1350 SH3748); lower right (NHPNO52, NHPN054, MOQ9); upper
right (PITA2).

Hierarchical cluster analysis: Hierarchical clustering (Ward's method, Euclidean distance) grouped the
10 Musa spp. into three distinct clusters based on combined agronomic, bioactive compounds, and

proximate traits (Fig. 4). Cluster | (n = 3): MOO9, NHPN052, NHPNOQ54 is characterized by high nutritional
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content (e.g., B-carotene, carotenoids). Cluster Il (n = 3): ITC1307 SH3640, ITC1350 SH3748, ITC1352
SH3764 is dominated by hybrid genotypes with intermediate yield traits. Cluster Il (n = 4): PITA2, PITA3,
Cappa/lpupu, Red Omini is the largest group featuring landraces with diverse bioactive compounds
profiles.

Genotype by yieldxtrait (GYT) and Superiority index (Sl): Standardized GYT biplot analysis
identified superior multi-trait genotypes via superiority indices (SI) (Table 5). ITC1352 SH3764 ranked
highest (SI = 1.47), followed by NHPNO054 (SI = 0.97), ITC1350 SH3748 (S| = 0.81), MOO9 (SI = 0.42), and
NHPNO52 (Sl = 0.26). Inferior genotypes showed negative SI: ITC1307 SH3640 (SI = -0.13), Red Omini
(Sl = -0.77), Cappa/lpupu (S| = -0.82), PITA2 (SI = -1.06), PITA3 (SI = -1.16). ITC1352 SH3764 excelled in
yieldxsuckers, yieldxnumber of hands, and yield xfiber. NHPNO54 performed strongly in yieldxash and
yieldxcarbohydrates.

DISCUSSION

Significant variation observed among the ten Musa spp. (AAA and AAB genome groups) for agronomic
traits, bioactive compounds, mineral elements, and proximate composition demonstrate a high level of
genetic and phenotypic diversity within the Musa spp. germplasm. This agrees with earlier reports that
plantain and banana collections exhibit wide variability in yield components and nutritional attributes,
reflecting their complex hybrid origin and long history of farmer selection'®. The generally low coefficients
of variation for bioactive traits (CV <5%) further indicate good experimental precision and enhance
confidence in the reliability of the bioactive compound measurements.

Despite these genotypic differences, carbohydrates consistently constituted the dominant proximate
component, while potassium was the most abundant mineral across all genotypes. This pattern is typical
of plantain and banana fruits, which are widely recognized as energy-rich staples and important dietary
sources of potassium''"®. Similar compositional trends have been reported in plantain accessions from
West and Central Africa, reinforcing the nutritional role of Musa as a carbohydrate-based staple with
significant mineral contribution.

Marked differences in genotype performance were evident for both agronomic and nutritional traits.
ITC1352 SH3764 exhibited superior bunch weight and fruit length, confirming the yield advantage
commonly associated with improved dessert banana hybrid developed through structured breeding
programmes’'®. In contrast, landraces such as MOO9 and NHPNO52 showed outstanding concentrations
of B-carotene and total carotenoids, highlighting their potential as biofortified sources of provitamin A.
Similar genotype-dependent variation in carotenoid content has been documented in African plantain
germplasm and attributed to genetic differences in carotenoid biosynthesis and fruit pigmentation®'®. This
contrast between high-yielding hybrids and nutritionally superior landraces underscores the importance
of conserving diverse Musa germplasm for both productivity and nutritional improvement.

Correlation analysis revealed strong positive associations among yield components, particularly between
bunch weight, mid-hand weight, and number of hands per bunch, indicating that these traits contribute
synergistically to total yield. Comparable relationships have been reported in plantain and banana,
suggesting that indirect selection for one component can enhance overall bunch yield®’. Conversely, the
strong negative correlations between vitamin C and carotenoids, and between moisture and carbohydrate
content, suggest physiological trade-offs in fruit composition, likely reflecting competition among
metabolic pathways during ripening and dry-matter accumulation. Such trade-offs have also been
observed in other Musa studies and emphasize the need for multi-trait selection strategies rather than
single-trait optimization.
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Multivariate analyses further clarified the structure of variation among the genotypes. The first two
principal components explained 62% of the total variability, with PC1 largely separating genotypes based
on dry matter, carotenoids, fat, and iron versus moisture and vitamin C, while PC2 differentiated yield-
related traits from flavonoids and pH. Similar patterns of trait partitioning have been reported in Musa
germplasm evaluations, where agronomic and nutritional traits often segregate independently”'”. The PCA
biplot clearly separated high-yielding ITC hybrids from nutritionally dense landraces, confirming that
superior productivity does not necessarily coincide with superior nutritional quality.

Hierarchical clustering supported the PCA results by grouping the genotypes into three functional clusters:
nutritionally rich landraces, high-yielding hybrids, and a diverse group of intermediate accessions. This
clustering pattern is consistent with earlier classifications of plantain germplasm and provides a practical
framework for parent selection in breeding programs aimed at combining yield and nutritional quality
through heterosis'".

The genotype by vyieldxtrait (GYT) biplot offered a more integrative evaluation by simultaneously
considering yield and quality attributes. ITC1352 SH3764 ranked highest due to its strong performance
across multiple yield-based trait combinations, confirming the breeding advantage of improved hybrids
for commercial production. Similar dominance of hybrids in multi-trait selection indices has been reported
in plantain and other vegetatively propagated crops'*'2. However, the relatively lower ranking of landraces
does not diminish their value, as their superior carotenoid and mineral contents make them indispensable
donors for nutritional enhancement in future breeding efforts.

The observed divergence between agronomic and nutritional performance reinforces the need for
complementary breeding strategies that combine high-yielding hybrids with nutrient-dense landraces to
develop Musa spp. capable of meeting both production and nutritional security goals in Sub-Saharan
Africa.

CONCLUSION

This study demonstrates substantial genetic diversity among 10 Musa spp. for agronomic traits, bioactive
compounds, minerals, and proximate composition, with ITC1352 SH3764 emerging as the superior
genotype (S| = 1.47). Multivariate approaches, PCA (62% variation explained), clustering, and correlations
reveal yield-nutritional performance, identifying trade-offs (e.g., moisture vs. carbohydrates: r = -1.00) and
selection opportunities (bunch weight and mid-hand: r = 0.85). Elite banana hybrid (AAAB) viz. ITC1352
SH3764, NHPNO54, and ITC1350 SH3748 integrate high yield with quality traits, serving as prime
candidates for NIHORT's breeding programme targeting resilient, nutrient-dense bananas. These findings
provide a robust framework for multi-trait selection, advancing food security and commercialization in
West Africa’s humid tropics.

SIGNIFICANCE STATEMENT

The present study revealed highly significant genotypic variation (p<0.001) among Musa spp. for
agronomic, nutritional, and bioactive traits, confirming strong genetic diversity and trait stability. This
significance underscores the reliability of detected differences, supports effective multi-trait selection, and
validates the potential of identified superior genotypes for yield improvement and nutritional
enhancement in banana and plantain breeding programs.
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