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ABSTRACT
A field experiment was conducted at the Teaching and Research Farm, Emaudo Annexe, Ambrose Alli University, Ekpoma, to assess genetic variation among four watermelon varieties: Kayack, F1 Heracles, Greybelle, and Sweet Diamond. The study employed a Randomised Complete Block Design (RCBD) with four replications. Data were analysed using Analysis of Variance (ANOVA) and genetic parameters including heritability (H²), genetic advance (GA), and genetic gain (GG). Kayack consistently exhibited superior vegetative and yield traits at 3, 6, and 9 weeks after planting (WAP). It recorded the tallest plants (12.14 cm, 37.71 cm, 119.62 cm), highest number of leaves (7.28, 29.75, 76.75), largest leaf area (104.00 cm², 1373.68 cm², 2793.35 cm²), thickest stems (1.19 cm, 1.76 cm, 1.83 cm), and highest branch numbers (4.25, 6.50). It also showed the earliest flowering (38.50 days) and maturity (64 days), and the best fruit traits: length (19.98 cm), diameter (14.5 cm), circumference (332.5 cm), and fresh weight (35.62 t/ha). Traits such as leaf area, stem girth, number of branches, flowering, maturity, and fruit length showed high heritability and genetic advance, indicating the predominance of additive gene action and potential for improvement through selection. Conversely, traits with low heritability and genetic advance were considered less dependable for selection. Kayack’s early maturity and high yield demonstrate its suitability for cultivation. It is recommended for adoption by farmers, while extension agents should promote improved varieties and provide training on climate-resilient practices to boost productivity and enhance food security.
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1.   INTRODUCTION
Watermelon (Citrullus lanatus Thunb.), a globally significant Cucurbitaceae crop, is renowned for its sweet, juicy fruit rich in water content, vitamins A and C, lycopene, and minerals like potassium and magnesium (Kyriacou et al., 2018; Schaffer & Paris, 2016). It plays a crucial role in ensuring food, nutrition, and income security in tropical and subtropical regions. The increasing global demand for fresh, functional fruits has raised expectations for both fruit quality and year-round availability (Dalorima et al., 2021).

World watermelon production reached 116.2 million tonnes in 2021 on approximately 3.1 million hectares, with China accounting for over 70% of output. Nigeria, a significant African producer, cultivates watermelon extensively in northern Sudan and Sahel savanna belt states. However, cultivation in ecologically distinct areas like the forest-savanna transition region faces constraints including poor farming practices, low seed quality, and poorly adapted varieties (Anikwe et al., 2016; Adeoye et al., 2020). These challenges are exacerbated by weak agricultural extension frameworks that impede dissemination of effective farming practices and access to resilient, high-yielding cultivars (Owoade & Abolakale, 2021; Dube et al., 2020).

Enhanced watermelon productivity across diverse farming systems requires understanding genetic variation and heritability of growth and yield-determining traits. Additive gene action primarily influences vine length, branch number, leaf area, flowering time, fruit weight, and fruit number (Khan et al., 2016; Ene et al., 2016). Breeders favor highly heritable traits with significant genetic advancement potential, such as leaf area and branch number, as these can be reliably selected across environments and contribute to genetic gains in yield and adaptability (Om & Vijay, 2016; Ren et al., 2023). These traits directly correlate with photosynthetic efficiency and reproductive capacity, making them crucial for fruit yield enhancement.

Commercial watermelon varieties have experienced narrowing genetic bases due to domestication and repeated selection cycles. This genetic erosion emphasizes the importance of monitoring genetic resources, particularly landraces and locally adapted varieties harboring genes for drought tolerance, disease resistance, and improved fruit quality. Despite possessing numerous beneficial alleles, West African native landraces and wild relatives remain underutilized in mainstream breeding programs.

The forest-savanna transition zone in Nigeria, particularly Edo State, represents a unique agro-ecological niche with moderate humidity, varying soil conditions, and moderate rainfall. While this region remains underutilized for watermelon production, it possesses significant potential if appropriate varieties are identified and supported through targeted extension services. However, insufficient field-based studies examining improved watermelon variety performance under these conditions create knowledge gaps requiring data-driven insights for breeding decisions and farmer recommendations.

This study examines genetic diversity, heritability, and agronomic performance of four watermelon varieties (Kayack, Greybelle, Heracles, and Sweet Diamond) in Edo State's forest-savanna transition zone. Results aim to guide farmers in optimal variety selection and provide agricultural extension agents with tools to promote high-yielding, well-adapted varieties, thereby increasing productivity, income, and regional food system resilience.

2.     MATERIALS AND METHODS
2.1   Experiment Location 
The fieldwork took place at the Teaching and Research Farm, Faculty of Agriculture, Ambrose Alli University, Emaudo Annexe, Ekpoma. Ekpoma is located in a forest-savanna transition zone in Edo State, between Latitudes 6045' North and 6008' East. The average air temperature is 290C, the relative humidity is 70%, the sun shines for about 5–7 hours a day, and the average annual rainfall is 1200–1500 mm (Ighalo & Remison, 2010).

2.2    Materials Used 
Four varieties (Kayack, Heracles, Grey Bell and Sweet Diamond) of watermelon obtained from Certy Agro Allied, Ibadan, Oyo state, were used.
2.3    Experimental Design 
The experiment used a Randomised Complete Block Design (RCBD) with four copies. The site was cleared by hand with a cutlass, and the trash was put away. There were 16 plots, each 2m by 2m, with a 1m alley between them. The total area of land used was 16.5m by 16.5m. The four types were planted on level ground. There were nine plant stands in each plot, spaced 1.5m by 1.5m apart. This resulted in a total of 144 plant stands throughout the entire experimental field. 
2.4    Data Collection

We gathered the vegetative traits at 3, 6, and 9 WAP. The Number of leaves on each plant, the height of the plant, the length of the leaves, the width of the leaves, the girth of the stem, the Number of branches on each plant, the Number of fruits on each plant, the Weight of the fruits on each plant, and the yield of fruits per hectare

a. Plant height (cm): To get the height, we used a measuring tape to measure from the ground to the top of the plant.

b. Stem girth: A vernier calliper was used to measure the distance around the stem of two randomly chosen plants that were perpendicular to the stem axis. The average value was then recorded.

c. Number of branches per plant: The average Number of branches from two randomly chosen plants in each plot was visually counted and recorded.

d. Number of leaves on each plant: We counted the Number of leaves on two randomly chosen plants and wrote down the average.

e. Leaf length: A measuring tape (calibrated in centimeters) was used to measure the length of the leaves on two randomly chosen plants from each plot.

f. Leaf width: We also measured the width of the leaves of two randomly chosen plants per plot using a measuring tape set to centimeters.

      Yield and its parts: These were the factors:

a. Days to 50% flowering: For each of the twenty plots, the Number of days from the date of sowing to the date when 50% of the plants flowered was recorded, along with the average for each plot.

b. Days to 50% maturity: For each of the twenty plots, the Number of days between the date of transplanting and the date when 50% of the population flowered was recorded.

c. Number of fruits per plant: The average Number of fruits per plant was found by counting the fruits on two plants in each plot.

d. Weight of fruits per plant: A sensitive scale was used to weigh the fruits of two plants in a plot, and the average Weight was recorded.

e. Fruit yield per hectare: We obtained the fruit yield from each experimental plot and then used that information to calculate the fruit yield per hectare.

2.5    Analysis of Data

At a 5% level of significance, analysis of variance (ANOVA) was used to analyse the data on plant growth and yield. The means were then separated using the Least Significant Difference (LSD).

Looking at Genes

The genetic analysis examined the agronomic and yield data related to genotypic and phenotypic expressions. We used the mean square at treatment levels as the phenotypic variation and the mean square at error levels as the subtracted phenotypic variance to get the genotypic variance parameters. We did this using the method described by Allard (1999): 

(a)
Heritability (H,): Heritability in the broad sense was calculated using the Formula:
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 Genotypic Advance: This was calculated using the formula:
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3.      RESULTS
3.1    Vine Length in (cm) of Watermelon after planting
At three weeks after planting, Kayack differed significantly from Sweet Diamond and Greybelle, but not significantly from Heracles, in terms of vine length. Kayack differed significantly from Heracles and Sweet Diamond at six weeks after planting, but not significantly from Greybelle.  Kayack differed significantly from Sweet Diamond and Greybelle nine weeks after planting, but not significantly from Heracles (Table 1). Variations in its genetic makeup could explain the kayak variety's higher vine length value. This finding is consistent with those of Boualem et al. (2016), who discovered that the growth characteristics of crop varieties are influenced by their genetic makeup.
Table 1. Vine Length in (cm) of Watermelon at 3, 6 and 9 weeks after planting

	Variety
	Weeks after planting

	
	3
	6
	9

	1
	12.138a
	37.71a
	119.62a

	2
	9.35ab
	18.48b
	87.03ab

	3
	6.425b
	25.55ab
	37.95b

	4
	5.378b
	20.11b
	32.05b

	LSD (P<0.05)
	4.91
	15.4
	64


Means with same letter(s) indicated in column are not significantly different LSD: Least significant difference

3.2   Watermelon leaf count per plant: At 3, 6, and 9 weeks after planting, there was no discernible difference in the number of leaves between Heracles, Greybelle, and Sweet Diamond. However, the Kayack variety consistently showed a significantly higher leaf count per plant. This enhanced foliar development suggests increased photosynthetic capacity, which could lead to more efficient assimilate distribution and production throughout the leaf surface. These findings align with Akinyemi et al.'s (2023) research on the positive impact of increased leaf area and number on fruit yield. Therefore, Kayack's superior leaf development over Greybeeracles and Sweet Diamond suggests a physiological advantage in photosynthetic efficiency and growth potential.
Table 2: Number of leaves/plant of Watermelon
	Variety
	                     Weeks after planting

	
	3
	6
	9

	1
	7.275a
	29.75a
	76.75a

	2
	4.285b
	11.25b
	28b

	3
	4.197b
	15b
	26.5b

	4
	4.713b
	14.25b
	21.5b

	LSD (P<0.05)
	1.13
	8.46
	14.32


Means with same letter(s) indicated in column are not significantly different.LSD: Least significant difference

3.3   Watermelon leaf area in centimetres squared: Kayack differed significantly from Heracles, Greybelle, and Sweet Diamond three (3) weeks after planting in terms of leaf area. Kayack and Greybelle did not differ significantly at 6 or 9 weeks post-plating, but Heracles and Sweet Diamond did (Table 3).  
Table 3: Leaf area in (cm2) at 3, 6 and 9 weeks of watermelon
	Variety
	                         Weeks after planting

	
	3
	6
	9

	1
	104.10a
	1373.68a
	2793.35a

	2
	34.76b
	383.16b
	1116b

	3
	36.16b
	1369.28a
	2784.25a

	4
	34.48b
	380.13b
	1132.45ab

	LSD (P<0.05)
	4.82
	25.11
	26.8


Means with same letter(s) indicated in column are not significantly different. LSD: Least significant difference

3.4.   Watermelon stem girth (cm): Measurements of stem girth three weeks after planting showed that Kayack was statistically comparable to Heracles but significantly larger than Sweet Diamond and Greybelle. Nevertheless, Kayack showed a noticeably thicker stem than Heracles at 6 and 9 weeks after planting, whereas Sweet Diamond and Greybelle were statistically identical at these points. According to this pattern, Kayack appears to have stronger and longer-lasting vegetative development over time. This trait is closely associated with enhanced nutrient translocation, plant vigour, and lodging resistance—all of which are critical for strong crop performance in field settings (Umeh & Adigun, 2022). (Table 4).
Table 4. Stem Girth (cm) at 3, 6 and 9 weeks of watermelon
	Variety
	                     Weeks after planting

	
	3
	6
	9

	1
	1.192a
	1.758a
	1.83a

	2
	1.14a
	1.347b
	1.445b

	3
	1.04b
	1.248b
	1.38b

	4
	1.04b
	1.373b
	1.498b

	LSD (P<0.05)
	0.08
	0.19
	0.27


Means with same letter(s) indicated in column are not significantly different. LSD: Least significant difference

3.5      Number of watermelon branches per plant: At 6 and 9 weeks after planting, Kayack's branch count was significantly higher than those of Heracles and Greybelle, but it was not significantly different from that of Sweet Diamond. A crucial vegetative characteristic that increases canopy size, photosynthetic surface area, and eventually fruit-bearing potential is branching. The observed variation is consistent with research by Azeez et al. (2024), who found that variations in branching patterns between watermelon genotypes can affect fruit yield and resource partitioning under different environmental conditions and are frequently genetically controlled. Kayack's agronomic advantage for production in agroecological zones with sufficient moisture and nutrient supply is highlighted by its superior branching capacity at critical developmental stages. 
Table 5:  Number of branches/plant at 6 and 9 weeks of watermelon

	Variety
	                    Weeks after planting

	
	3
	6
	9

	1
	0.00
	4.25a
	6.5a

	2
	0.00
	2.25b
	4.5b

	3
	0.00
	1.75b
	1.5c

	4
	0.00
	1.25b
	1.5c

	LSD (P<0.05)
	-
	1.48
	1.66


Means with same letter(s) indicated in column are not significantly different. LSD: Least significant difference

3.6. Days to 50% flowering, fresh weight, and maturity: When compared to Heracles, Greybelle, and Sweet Diamond, Kayack showed noticeably fewer days to 50% flowering and 50% maturity in terms of phenological development. For these metrics, Heracles and Greybelle did not significantly differ from one another. The findings also revealed a distinct pattern: a strong positive correlation existed between flowering time and maturity, with varieties that flowered earlier also reaching maturity earlier. This early phenology of Kayack can help farmers optimise their planting calendars and reduce their exposure to climatic risks, which is beneficial for production in areas vulnerable to terminal drought or unpredictable rainfall patterns.

Early-flowering and early-maturing watermelon genotypes have also been highlighted in recent research for their agronomic and adaptive utility, with the potential to boost cropping intensity and reduce exposure to late-season biotic and abiotic stresses (Ojo et al., 2023; Mani et al., 2024). Kayak's superior earliness makes it more suitable for short-season cultivation and incorporation into climate-smart agricultural practices. The potential of Kayack's early-maturing characteristics for climate-smart agricultural practices is a reason for optimism and a step forward in agricultural innovation. In terms of fruit diameter and length, Kayack outperformed all other varieties by a significant margin, according to the assessment of fruit-related characteristics. Sweet Diamond and Greybelle, however, did not significantly differ from one another in these characteristics. Kayack differed significantly from Heracles in terms of fruit circumference, but not from Greybelle or Sweet Diamond. Additionally, Kayack had a significantly higher fresh fruit weight per hectare than all other varieties. At the same time, Heracles, Greybelle, and Sweet Diamond did not differ significantly from one another in this regard.

These results are consistent with earlier research that highlighted the role that genetic variability plays in fruit morphological characteristics and yield potential. Akinyemi et al. (2023) claim that improved watermelon varieties with larger and heavier fruits often exhibit better sink-source dynamics and superior vegetative vigour. According to Umeh and Adigun (2022), notable variations in fruit weight and length between watermelon cultivars are associated with innate genetic variations and serve as important markers of consumer preference and market value. The findings highlight Kayack's potential as a commercially viable and high-yielding cultivar for farmers in comparable agro-ecological zones, providing confidence and reassurance about its market value. 
Table 6: Days to 50% flowering and maturity and fresh weight 
	Variety
	Days to 50% flowering
	Days to 50% maturity
	Fruit Length
	Fruit Diameter
	Fruit Circumference
	Fresh weight

t/plot

	1
	38.5c
	64c
	19.98a
	14.5a
	332.5 a
	35.62a

	2
	53.75a
	81.25ab
	16.4b
	12.66b
	252.6 b
	27.63b

	3
	56a
	76b
	11.99c
	13.62ab
	291.8 ab
	27.75b

	4
	47.75b
	86.25a
	10.02c
	13.12ab
	274.9 ab
	27.56b

	LSD (P<0.05)
	5.04
	6.22
	2.67
	1.35
	60.23
	0.57


Means with same letter(s) indicated in column are not significantly different. LSD: Least significant difference

Leaf area at 3 and 9 weeks (93.64 and 1.93) (96.75 and 1.99), stem girth at 6 weeks (92 and 1.91), number of branches at 9 weeks (95.14 and 1.96), 50% flowering (95.62 and 1.89) and maturity (95.53 and 1.97), and fruit length (96.25 and 1.98) all showed high heritability and genetic advancement. According to Johnson (2015), an addictive gene effect could be the cause of a high heritability value. As a result, this can serve as a foundation for making informed selections. Broad-sense heritability is frequently used to identify genetic variance, as noted by Johnson et al. (2015). The less the environment influences the trait's expression, the higher the broad-sense heritability (H²) value. Additionally, Johnson et al. (2015) noted that addictive gene effects are the cause of high heritability and genetic advancement, making it simple to enhance such traits. Since improving specific agronomic traits depends on fundamental knowledge of fruit inheritance and the genetic variability available for improvement, breeding programs require an understanding of the nature of genetic makeup and environmental differences.
Table 7: Genetic analysis of vegetative and yield characters of some varieties of watermelon

	Characters 
	WAP 
	PCV 
	GCV 
	Ho% 
	GA 
	GG 

	Plant height 
	3
6 

9 
	37.18 

303.32 

6956 
	27.02 

203.39 

5231.0 
	72.67 

67.05 

75.20 
	1.49 

1.38 

1.55 
	32.47 

79.76 

75.81 

	No of branches 
	6
9
	6.9167 

24.000 
	6.00 

22.833 
	86.75 

95.14 
	1.80 

1.96 
	25.21 

65.23 

	Leaf Area 

  
	3 

6 

9 
	304.055 

1146.4 

1588.7 
	294.286 

880.7 

1286.2 
	96.79 

76.82 

18.96 
	1.99 

1.58 

1.67 
	22.39 

18.93 

21.25 

	Stem girth 
	3 

6
9 
	0.023090 

0.20089 

0.16069 
	O.20655 

0.1851 

0.12961 
	89.50 

92.00 

80.66 
	1.84 

1.91 

1.66 
	1.87 

12.94 

8.43 

	50% Flowering 
	  
	244.50 

  
	233.79 
	95.62 
	1.89 
	47.71 

	50% maturity 
	  
	364.75 
	348.46 
	95.53 
	1.97 
	45.31 

	Fruit length 
	  
	79.909 
	76.911 
	96.25 
	1.98 
	52.68 

	Fruit diameter 
	  
	2.4743 
	1.705 
	68.91 
	1.42 
	12.36 

	Fruit Circumference 
	  
	4560 
	3032 
	64.49 
	1.37 
	10.52 

	Fresh wt. Tons/hectare 
	  
	0.6004 
	0.4628 
	77.08 
	1.59 
	15.49 


PCV: Phenotypic coefficient of variation. GCV: Genotypic coefficient of variation Ho: Heritability, GA: Genetic Advance GG: Genetic Gain 

4. DISCUSSION
In Nigeria's forest-savannah transition zones, this study has significant implications for agricultural extension services, particularly in enhancing productivity, promoting climate-resilient agronomic practices, and improving varietal selection. The genetic variability among watermelon varieties, particularly the superior performance of Kayack, provides a scientific foundation for focused recommendations and farmer education.

Superior Performance of Kayack Variety and Extension Promotion: The Kayack watermelon variety demonstrated superior agronomic performance compared to Greybelle, Heracles, and Sweet Diamond across multiple parameters. This superiority is evidenced by significant differences in yield traits including fruit length, diameter, circumference, and weight, as well as growth parameters such as vine length, leaf area, stem girth, and branch number. These results align with recent agronomic studies highlighting Kayack's increased vegetative vigor and yield potential in tropical agroecological settings (Akinyemi et al., 2023; Umeh & Adigun, 2022). The variety's strong early growth enables more efficient resource utilization compared to other cultivars under similar conditions, establishing it as a high-performing and climate-resilient choice for farmers. Extension agents play a crucial role in promoting Kayack as a high-performing and climate-resilient variety, particularly in forest-savanna transition areas. By utilizing data from this study, they can effectively market the variety, thereby increasing adoption and ultimately enhancing food security and profitability in the watermelon value chain (Azeez et al., 2024; Ojo et al., 2023).
Supporting evidence from related trials further validates the significance of early-stage vegetative vigor as a predictor of final yield. A study conducted in Nigeria's southern Guinea savanna (specifically in Ogbomoso and Sepeteri) demonstrated that the Kaolack variety achieved the best vegetative growth, with the highest vine length (approximately 145.7 cm) and leaf number among genotypes evaluated between 2 and 8 weeks after sowing (Mani et al., 2024). Under ideal nutrient conditions in complementary fertilizer regime trials in Ogbomoso, Kaolack continuously produced more leaves and vines during early development, further confirming the genetic basis of its early vigor. These findings support the claim that watermelon genotypes with strong early vegetative growth frequently convert that advantage into superior yield performance, providing extension professionals with solid scientific foundation to support Kayack adoption in comparable agro-ecological zones, leveraging its early growth advantage to enhance farmer productivity and financial returns.

High Heritability and Genetic Control of Agronomic Traits: Critical agronomic traits including leaf area, branch count, flowering time, maturity, and fruit size exhibit high heritability and genetic advancement, suggesting that additive gene action largely controls these traits with minimal environmental impact. This genetic behavior enhances selection efficacy in breeding programs aimed at increasing watermelon yield and adaptability. Recent research supports this claim. Olakojo et al. (2023) conducted field assessment of several watermelon genotypes in Nigeria, revealing high heritability estimates for leaf area, vine length, and branch count, indicating robust genetic control. Similarly, a genome-wide association study (GWAS) conducted in the United States by Ren et al. (2023) identified significant loci linked to flowering time and fruit characteristics in the Department of Agriculture's watermelon germplasm collection, confirming the additive nature of gene expression and limited environmental interaction. These findings are particularly significant for crop improvement initiatives in tropical and sub-Saharan agro-ecologies where environmental stressors occur frequently.
Agricultural extension services should collaborate with plant breeders to promote development and dissemination of improved watermelon varieties, as these traits exhibit stable genetic inheritance. Such collaborations can accelerate genetic gain by facilitating early-generation selection and marker-assisted selection (MAS) applications. Extension agents can educate local farmers about agronomic advantages of improved varieties and encourage participatory varietal selection. By focusing on traits with high heritability and genetic improvement potential, breeding programs can enhance yield potential, stress resilience, and market quality, ultimately increasing farmer productivity and income. This integrated approach aligns with food security and sustainable agricultural development objectives.

Bridging Knowledge Gaps through Extension Services: Extension agents play a crucial role in bridging knowledge gaps between research and practice, particularly in disseminating improved crop varieties. Raising farmer awareness about the importance of genetic constitution in crop performance requires immediate attention. Studies indicate that watermelon characteristics such as vine length, branch count, and leaf area are quantitatively inherited and exhibit high heritability, suggesting that additive genes primarily control them while environmental factors have lesser impact (Ren et al., 2023; Ene et al., 2016).
Successful extension strategies should incorporate knowledge-sharing sessions describing how specific genetic traits directly affect yield components. Om and Vijay (2016) highlighted that leaf and branch quantity significantly impacts watermelon fruit yield. Extension agents should integrate these insights into regular farmer training programs and disseminate them through participatory methods.

Recent research underscores genetic literacy importance in extension frameworks, crucial for enhancing farmer knowledge and increasing breeding program effectiveness. Farmers' access to and confidence in implementing improved technologies are often limited by lack of extension-led varietal trials (Adeoye et al., 2020). Incorporating genetic literacy into extension frameworks is essential to ensure improved varieties are appropriately chosen, adopted, and managed under regional agro-ecological conditions.

Climate-Smart Agriculture Integration: Strategic promotion of Kayack watermelon variety aligns with climate-resilient agriculture objectives due to high heritability of important agronomic traits and observed environmental stability. In Kayack, traits such as fruit size, branch count, and vine length demonstrate consistency across various environments, indicating limited genotype-by-environment interaction and substantial additive genetic control (Ren et al., 2023; Ene et al., 2016). These qualities are particularly beneficial in areas where erratic rainfall and temperature patterns, such as the forest-savanna transition zone in Edo State, threaten crop stability and yield reliability. As climate change continues altering agro-ecological dynamics, selecting and disseminating cultivars exhibiting consistent performance under diverse conditions becomes crucial.
Agricultural extension professionals can play crucial roles by integrating Kayack into comprehensive climate-smart agriculture (CSA) packages. CSA strategies aim to reduce greenhouse gas emissions, enhance resilience to climate variability, and sustainably increase productivity when feasible (FAO, 2017). High-yielding, genetically stable cultivars like Kayack directly support the second pillar of CSA adaptation. Extension agents can help farmers understand climate-resilient cultivar benefits and encourage widespread adoption through demonstration plots, participatory varietal selection, and integrated training sessions. When combined with water conservation and soil fertility management techniques, Kayack can function optimally and promote comprehensive climate resilience. Recent research indicates that extension-led CSA programs have increased farmer productivity and coping ability in comparable ecological contexts throughout Sub-Saharan Africa (Partey et al., 2020). Consequently, integrating Kayack into Edo State's CSA initiatives promotes long-term livelihood sustainability while increasing agricultural productivity under changing climate conditions.

Participatory Varietal Selection and Farmer Involvement: Extension agents must implement participatory varietal selection (PVS) techniques that actively involve farmers in assessing crop performance under actual field conditions to increase acceptability and adoption of improved watermelon varieties like Kayack (). Rather than depending exclusively on breeder recommendations, farmers can evaluate and select varieties through participatory varietal trials based on agronomic characteristics they consider most significant, such as fruit size, sweetness, vine vigor, and early maturity (Witcombe et al., 2020). This farmer-centered strategy increases adoption rates by making improved varieties more relevant to regional preferences. Farmers are more likely to trust and embrace varieties like Kayack when actively involved in the selection process and witness firsthand their superior performance.
PVS has demonstrated effectiveness as a successful strategy for expanding improved crop variety adoption in Nigeria and throughout Sub-Saharan Africa. According to Mulema et al. (2021), involving farmers in varietal evaluation not only increases confidence in official seed systems but also synchronizes technology dissemination with local knowledge systems, preferences, and agro-ecological realities. Extension agents therefore play dual roles: facilitating learning and linking research with on-farm innovation. Establishing demonstration plots and hosting field days can connect research stations with rural fields, allowing farmers to interact with promising varieties.

Recent research indicates that participatory trials empower women and young people by considering their varietal preferences in decision-making, encouraging more inclusive agricultural development (Francesconi et al., 2023). Mainstreaming PVS into watermelon extension programs significantly increases the likelihood of successful varietal uptake and yield enhancement, particularly in agro-ecologically variable areas such as Edo State's forest-savanna transition zone.

Seed System Development and Access: Extension services must act as efficient bridges connecting farmers with reliable suppliers of premium seeds to encourage broad adoption of improved watermelon varieties. Input system accessibility and dependability, especially seed supply chains, have been crucial to varietal dissemination success in Nigeria and other sub-Saharan African contexts (Mulema et al., 2021). By collaborating with certified seed producers, agro-dealers, and national agricultural research institutes (NARIs), extension agents can effectively help smallholder farmer’s access and afford high-performing cultivars such as Kayack, Heracles, and Sweet Diamond.
Restricted availability of quality seeds represents one primary factor hindering watermelon production from achieving optimal yield levels across various agro-ecological zones (Adeoye et al., 2020). Most rural farmers rely on unofficial seed systems that frequently lack varietal purity and quality control. To address this gap, decentralized seed distribution channels must be established through collaborations among agricultural research organizations, seed companies, and extension systems, especially in underserved areas like forest-savanna transition zones. Research demonstrates that strengthening local seed networks and stakeholder connections enhances varietal reach and adoption, particularly when combined with field demonstrations and training (Abate et al., 2023). Furthermore, incorporating these seed delivery initiatives into larger climate-smart agriculture (CSA) projects ensures enhanced resilience to climate variability in addition to increased productivity. By prioritizing both seed access and technical capacity building, extension services can substantially contribute to sustainable watermelon production systems and regional food security.

Farmer-Breeder Collaborations: Extension services must strategically support cooperative relationships between farmers and plant breeders to optimize improved variety relevance and adoption, as evidenced by notable genetic differences among varieties requiring ongoing breeding and systematic evaluation to improve yield stability, resilience, and adaptability under shifting climatic and agro-ecological conditions. These collaborations ensure breeding goals align with local farming systems, farmer preferences, and environmental realities (Abberton et al., 2023; Osei et al., 2022). Participatory breeding and feedback mechanisms are particularly important for customizing varieties to specific biophysical and socioeconomic circumstances of smallholder farmers (Mugo et al., 2024).
5. Conclusion 

The Kayack watermelon variety performed best across all measured growth and yield metrics, including vine length, leaf count, leaf area, stem girth, branch count, fruit length, fruit diameter, fruit circumference, and fresh weight per hectare. Its lowest values for days to 50% flowering and maturity indicated earliness and shorter production cycles—important characteristics advantageous for boosting cropping intensity and reducing climate change-associated risks.

Genetic analysis revealed high heritability and genetic advancement for several important traits: fruit length (96.25%, GA = 1.98), days to 50% flowering (95.62%, GA = 1.89), days to maturity (95.53%, GA = 1.97), stem girth at 6 weeks (92.00%, GA = 1.91), number of branches at 9 weeks (95.14%, GA = 1.96), and leaf area at 3 and 9 weeks (93.64%, GA = 1.93; 96.75%, GA = 1.99, respectively). These traits represent dependable targets for selection and genetic improvement due to observed high heritability and genetic advance, indicating that additive gene action primarily governs these traits.

These results underscore the importance of selecting highly heritable and genetically stable traits for crop improvement initiatives. Kayack represents a promising variety for increasing watermelon productivity, especially in Nigeria's forest-savanna transition zones. Due to its early flowering, maturity, and high fresh weight yield per hectare, Kayack is highly recommended for cultivation under irrigated systems or during established rainfall periods.

6. Implication for Agricultural Extension  

Emanating from the study, the key area for agricultural extension interventions are highlighted:

i. Varietal Recommendation and Adoption: The superior growth performance, early maturity, and high yield potential of the Kayack variety indicate its strong adaptability to the forest–savanna transition zone of Edo State. This makes it a suitable candidate for large-scale cultivation. Agricultural extension services should prioritize the dissemination and promotion of Kayack through demonstration plots, farmer field schools, and on-farm trials to accelerate its adoption among smallholder farmers.
ii. Climate-Resilient Crop Production: Kayack’s early flowering and maturity traits offer a strategic advantage under conditions of erratic rainfall and climate variability. Extension agents should integrate this variety into climate-smart agriculture (CSA) packages, enabling farmers to escape terminal drought, optimize planting windows, and improve cropping intensity. This is particularly relevant for rain-fed systems in sub-humid regions.
iii. Trait-Based Selection for Breeding: The high heritability and genetic advance observed in traits such as leaf area, stem girth, branch number, flowering time, and fruit length suggest that these traits are largely controlled by additive gene action and are reliable targets for selection. Plant breeders and research institutions should focus on these traits in varietal improvement programs, while extension agents translate these findings into simplified selection criteria for farmers.
iv. Strengthening Farmer Knowledge and Capacity: The study highlights the importance of genetic variability in determining crop performance. Extension systems should incorporate basic genetic literacy into training programs, helping farmers understand how varietal differences influence yield outcomes. Capacity-building efforts should include best agronomic practices such as spacing, nutrient management, and timely harvesting to maximize the genetic potential of improved varieties. This becomes pertinent as previous studies have highlighted low knowledge level on watermelon production practices (Onyemekonwu, et al, 2025) 
v. Participatory Varietal Selection (PVS): To enhance adoption rates, extension agents should promote participatory varietal selection approaches that involve farmers in evaluating watermelon varieties under local conditions. This ensures that selected varieties meet farmer preferences for yield, fruit quality, and marketability, thereby increasing acceptance and long-term use.
vi. Seed System Development: Limited access to quality seeds remains a major constraint to productivity. Extension services should facilitate linkages between farmers, certified seed producers, and agro-dealers to ensure timely availability of improved varieties like Kayack. Strengthening local seed systems will enhance varietal purity, productivity, and overall farm profitability. Emphasis on the need for linkage to appropriate farm inputs such as seeds were mention by farmers studies by Onyemekonwu et al, (2024)
vii. Policy and Institutional Support: The results underscore the need for coordinated efforts among government agencies, research institutions, and extension organizations to scale up improved watermelon production. Policies that support seed distribution, extension outreach, and climate-resilient agriculture will be critical for translating research findings into tangible productivity gains. In this regard, there should be policy statements making watermelon a target crops for agricultural extension service providers in the study area. This aligns with previous recommendation by Onyemekonwu et al, (2021) on way forward for enhancing the adoption of watermelon production technologies in Nigeria. 
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