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ABSTRACT

	Aims: The objective of this study was to evaluate F₂ populations of jalapeño peppers by estimating genetic parameters for morphological and yield characteristics.
Study design: Seven jalapeño pepper entries were evaluated using a randomized complete block design with four replications. Statistical analyses were conducted in R. Genetic parameters were estimated from phenotypic and genotypic variances, coefficients of variation, and broad-sense heritability. Genetic correlations among quantitative traits were determined using linear mixed models, with block as a fixed effect and genotype as a random effect. Models were fitted by the REML method to obtain Best Linear Unbiased Predictors, from which correlations were calculated.
Place and Duration of Study: The experiment was conducted at the experimental fields of the Universidad Autónoma Agraria Antonio Narro. The study was carried out from March to September 2024.
Methodology: Seeds from seven jalapeño pepper genotypes collected in Chihuahua, Mexico, were disinfected and sown in trays using a peat moss–perlite–humus substrate before transplantation.
Results: The results show genetic variability among jalapeño genotypes for most fruit traits. Fruit length, width, and wall thickness showed high heritability, indicating strong genetic control, while fruit number, weight, and yield per plant had low heritability, reflecting environmental influence. The genotype Ori had the highest yield, Bal produced the most fruits, and Mix had the widest, heaviest fruits with thicker walls. Strong positive correlations were found between fruit width and wall thickness and between wall thickness and fruit weight, while negative correlations were observed between fruit width and fruit number.
Conclusion: The F₂ jalapeño populations showed genetic variability, with Bal, Mix, and Ori standing out for fruit size and yield. High heritability in fruit traits and strong environmental effects on yield indicate good potential for developing new genotypes.
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1. INTRODUCTION 
Capsicum is a genus of the Solanaceae family, comprising more than 35 species (Barboza et al., 2019). It includes a wide variety of chili peppers that are easily recognizable by their size, shape, color, and degree of pungency (Pérez-Castañeda et al., 2015). Currently, there are five species of chili pepper (C. annuum var. annuum, C. chinense, C. baccatum, C. frutescens, and C. pubescens) that were domesticated in Central and South America and are cultivated in subtropical and temperate climates around the world (Barchenger et al., 2019; Tripodi et al., 2021). Mexico is considered one of the centers of origin and domestication of Capsicum annuum L. (Moscone et al., 2003; Salinas et al., 2021). Efforts have been made in the country to explore, collect, identify, and conserve wild and domesticated Capsicum germplasm in situ and ex situ (Pérez-Castañeda et al., 2015). From a genetic improvement perspective, the genetic variability present in segregating populations can be exploited to produce new combinations (Cabrera, 2016). Studies conducted on F₂ chili populations have shown that segregation in qualitative and quantitative traits can be useful for selecting genotypes with higher quality and productivity (Htwe et al., 2017). Likewise, genetic variability among genotypes allows for selection within the F₂ family to advance the breeding program (Pessoa et al., 2015). The development of high-yielding, high-quality varieties is one of the main strategies for increasing agricultural productivity (Karim et al., 2021). Breeding programs require a broad base of parents that are phenotypically and genetically characterized and evaluated for their potential to produce competitive hybrids (Ortega et al., 2024). The selection of segregating populations in chili peppers is essential for improving agronomic characteristics and yield (Bizari et al., 2017). Varieties and hybrids can be used as gene reservoirs for breeding programs (Htwe, 2016), and selection should be carried out in F2 and subsequent generations (Somadshaka and Salimath, 2006). The development of new jalapeño pepper genotypes will contribute to reducing dependence on foreign countries and reducing foreign exchange losses, as well as increasing yields and improving product quality (Hernández-Hernández et al., 2019). The objective of this study was to evaluate F₂ populations of jalapeño peppers by estimating genetic parameters for morphological and yield characteristics

2. material and methods 

2.1 Location of the Experiment
The study was conducted in the experimental fields of the Universidad Autónoma Agraria Antonio Narro, located at 25°22’ N and 101°00’ W, at an altitude of 1,754 meters above sea level.

2.2 Plant Material and Crop Management

The F2 population was derived from jalapeño peppers obtained from seven materials collected in different locations in Chihuahua, Mexico, identified with the codes: God, Bal, Blux, Bra, Mix, Ori, and Odi. The seeds were disinfected with a 3% sodium hypochlorite solution for approximately 20 minutes to achieve surface sterilization. They were then manually sown in 200-cell trays using a substrate composed of peat moss, perlite, and earthworm humus, placing one seed per cell.	Comment by ADMIN: This part is totally unclear! Are you evaluating 7 parental entris in RCBD design with four reps ?
Or 
are you evaluating an F2 population? If so how could plan a segregating population which includes many plants in four reps? This doesn’t make sense statistically or biologically

explicitly state whether the experiment evaluated 7 genotypes (entries) or an F2 mapping population
Transplanting was carried out in May 2024, 55 days after sowing, with a planting density of 33,000 plants per hectare. Fertilization was applied according to the methodology proposed by Mata et al. (2010).	Comment by ADMIN: were the measurements taken on single plants? Write more about it in a proper way

2.3 Variables evaluated
Eight variables related to fruit morphology and yield were evaluated: fruit length (cm), fruit width (cm), pedicel length (cm), wall thickness (mm), number of locules, number of fruits, fruit weight (g), and fruit yield per plant(g).

Statistical analysis

The seven collected jalapeño pepper materials were evaluated under a randomized complete block design with four replications per entry. Statistical analyses were performed using R Statistical Software (R Core Team, 2024). Genetic parameters were estimated based on a simple measure, considering phenotypic variance (σ²p), genotypic variance (σ²g), phenotypic and genotypic coefficients of variation (CVP and CVG), and broad-sense heritability (h²), according to the methods proposed by Singh and Chaudhary (1985).
To determine genetic correlations among quantitative traits, linear mixed models were fitted, considering block as a fixed effect and genotype as a random effect, following the structure:

yᵢⱼ = μ + Bᵢ + Gⱼ + εᵢⱼ

where yᵢⱼ represents the observation of genotype j in block i; μ is the overall mean; Bᵢ is the fixed effect of block; Gⱼ is the random effect of genotype; and εᵢⱼ is the residual error.

Models were fitted using the REML method with the lme4 package (Bates et al., 2015). From the random genotype effects, Best Linear Unbiased Predictors (BLUPs) were obtained for each trait. Genetic correlations were calculated as Pearson’s correlation coefficients between the BLUPs of each pair of traits (Hernández-Ibáñez et al., 2017; Figueiredo et al., 2024).	Comment by ADMIN: No explicit mention in Results	Comment by ADMIN: Not included in results. 
No mention or table of BLUP values anywhere

3. results and discussion
The results of the analysis of variance (Table 1) showed significant differences (P=.01) among genotypes for fruit length, fruit width, pedicel length, wall thickness, number of locules, number of fruits, and fruit weight. This indicates that the evaluated genotypes exhibit genetic variability for these traits. For fruit yield per plant, the differences were not significant (ns). In the source of variation corresponding to replications, significant differences (P=.01) were found for fruit length, indicating that replications slightly influenced this variable. For the remaining traits, the differences were not significant (ns).

Table 1. Analysis of variance for quantitative traits in seven F₂ populations of jalapeño pepper.
	Source of variation
	DF
	Fruit length
	Fruit width
	Pedicel length
	Wall thickness
	Number of locules
	Number of fruits
	Fruit weight
	Fruit yield per plant

	Genotype
	6
	25.90 **
	4.11 **
	1.89 **
	5.50 **
	1.52 **
	188.97 **
	1016.57 **
	81036.08 ns

	Replication
	3
	16.11 **
	0.16 ns
	0.47 ns
	1.60 ns
	0.39 ns
	43.65 ns
	62.03 ns
	61552.98 ns

	Error
	74
	1.48
	0.15
	0.25
	0.63
	0.21
	37.01
	299.13
	69973.35

	CV (%)
	 
	5.20
	6.07
	8.47
	8.03
	7.52
	28.35
	16.24
	28.19


ns: not significant; **: significant at P=.01

Table 2 presents estimate showing considerable variability influenced by both genetic and environmental factors. Heritability was classified as low (below 30%), moderate (30–60%), and high (above 60%), according to the criteria proposed by Johnson et al. (1955).
Traits such as fruit length, fruit width, wall thickness, and number of locules showed high heritability values (h² = 61.47–86.71%), indicating that most of the observed variation was due to genetic differences among genotypes (Castro-Torres et al., 2021; Vyshnavi et al., 2025).	Comment by ADMIN: Is it in all four populations? 
These traits exhibited a high genetic contribution to phenotypic variation, as reflected by the genotypic (GCV) and phenotypic (PCV) coefficients of variation, highlighting their potential for genetic improvement through selection, particularly for fruit length (GCV: 21.94%, PCV: 24.45%), fruit width (GCV: 30.96%, PCV: 33.25%), and wall thickness (GCV: 22.07%, PCV: 27.19%). This agrees with Amare and Abebe (2022), who stated that a greater genotypic variance leads to higher heritability and consequently increases the expected response to selection.	Comment by ADMIN: In which population?
The traits number of fruits per plant and fruit weight showed moderate heritability values (h² = 50.65% and 37.49%, respectively), suggesting a significant environmental contribution and a lower proportion of genetic variation, consistent with the findings of Sadhana et al. (2022) and Vyshnavi et al. (2025).
In contrast, fruit yield per plant exhibited very low heritability (h² = 3.80%), along with a high PCV (55.03%) and a low GCV (10.73%), indicating a strong environmental influence (Htwe et al., 2017). Therefore, improving yield would require strategies aimed at reducing environmental variation or using indirect selection through highly heritable correlated traits, such as fruit weight or number of fruits per plant (Zannat et al., 2023).

Table 2. Estimation of genetic and phenotypic parameters for eight quantitative traits in seven F₂ populations of jalapeño pepper.
	Parameters
	Mean
	σ2g
	σ2p
	[bookmark: _Hlk211347937]PCV (%)
	GCV (%)
	h2 % 

	Fruit length (cm)
	11.26
	6.11
	7.59
	24.45
	21.94
	80.49

	Fruit width (cm)
	3.21
	0.99
	1.14
	33.25
	30.96
	86.71

	Pedicel length (cm)
	2.98
	0.41
	0.66
	27.27
	21.43
	61.75

	[bookmark: _Hlk211001117]Wall thickness (mm)
	5.00
	1.22
	1.85
	27.19
	22.07
	65.90

	Number of locules
	3.13
	0.33
	0.53
	23.35
	18.31
	61.47

	Number of fruits
	10.95
	37.99
	75.00
	79.07
	56.28
	50.65

	Fruit weight (g)
	49.70
	179.37
	478.47
	44.01
	26.95
	37.49

	Fruit yield per plant (g)
	490.08
	2765.68
	72739.03
	55.03
	10.73
	3.80


σ²g: genotypic variance; σ²p: phenotypic variance; PCV (%): phenotypic coefficient of variation; GCV (%): genotypic coefficient of variation; h² (%): heritability.

Table 3 presents the mean values of morphological and yield traits in F₂ jalapeño pepper genotypes. The genotype Ori showed the highest fruit yield per plant (618.75 g). The genotype Bal had the greatest number of fruits per plant (18.50) compared with the other genotypes. Regarding morphology, the genotype Mix produced the widest fruits (3.78 cm in width), while Bal had the longest fruits (14.28 cm). For fruit weight, Mix had the heaviest fruits (60.87 g) with a high wall thickness (5.79 mm).
For pedicel length, genotypes Bal, God, Blux, and Ori showed similar values (3.41, 3.35, 3.25, and 3.19 cm), whereas Odi, Bra, and Mix had the shortest pedicels (2.56, 2.57, and 2.58 cm). In addition, the number of locules ranged from 2.83 to 3.67, with genotypes Blux, Mix, and Odi (3.67, 3.59, and 3.17) showing the highest numbers of locules.

Table 3. Morphological and yield traits in seven F₂ genotypes of jalapeño pepper.
	Characters / Genotype
	God
	Bal
	Blux
	Bra
	Mix
	Ori
	Odi

	Fruit length (cm)
	9.71
	14.28
	11.11
	10.44
	10.77
	10.77
	11.76

	Fruit width (cm)
	2.90
	2.05
	3.44
	3.39
	3.78
	3.27
	3.66

	Pedicel length (cm)
	3.35
	3.41
	3.25
	2.57
	2.58
	3.19
	2.56

	Wall thickness (mm)
	4.37
	3.86
	5.35
	4.92
	5.79
	5.21
	5.50

	Number of locules
	2.83
	2.83
	3.67
	2.92
	3.58
	2.92
	3.17

	Number of fruits
	13.25
	18.50
	8.33
	9.25
	6.25
	10.67
	10.42

	Fruit weight (g)
	39.03
	37.16
	57.46
	47.48
	60.87
	56.57
	49.34

	Fruit yield per plant (g)
	510.42
	547.92
	457.42
	415.00
	375.00
	618.75
	506.08



The genetic correlation matrix (Table 4) showed relationships among morphological and yield traits of the fruit. A high positive genetic correlation was observed between fruit width and wall thickness (0.96), indicating that genotypes with wider fruits tend to develop thicker walls (Gurung et al., 2020). A significant negative correlation was also detected between fruit width and number of fruits per plant (r = –0.95), suggesting that genotypes with thicker walls may produce fewer fruits.

Furthermore, a significant negative trend was observed between wall thickness and number of fruits (r = –0.92), indicating that genotypes with thicker walls may bear fewer fruits. The genetic correlation between fruit weight and wall thickness (r = 0.91) revealed a direct relationship between wall thickness and fruit weight. Likewise, the positive correlation between fruit width and fruit weight (r = 0.80) confirmed the contribution of fruit size and wall thickness to individual fruit weight (Vilarinho et al., 2015). The number of locules and fruit weight (r = 0.77) were also positively associated with fruit weight.

Table 4. Genetic correlation matrix between morphological and yield traits in seven F₂ populations of jalapeño pepper (Capsicum annuum L.).
	Characters
	Fruit length (cm)
	Fruit width (cm)
	Pedicel length (cm)
	Wall thickness (mm)
	Number of locules
	Number of fruits
	Fruit weight (g)
	Fruit yield per plant (g)

	Fruit length (cm)
	1
	
	
	
	
	
	
	

	Fruit width (cm)
	-0.64
	1
	
	
	
	
	
	

	Pedicel length (cm)
	0.26
	-0.74
	1
	
	
	
	
	

	Wall thickness (mm)
	-0.45
	0.96**
	-0.67
	1
	
	
	
	

	Number of locules
	-0.14
	0.63
	-0.29
	0.73
	1
	
	
	

	Number of fruits
	0.66
	-0.95**
	0.65
	-0.92**
	-0.71
	1
	
	

	Fruit weight (g)
	-0.36
	0.80*
	-0.42
	0.91**
	0.77*
	-0.87**
	1
	

	Fruit yield per plant (g)
	0.29
	-0.5
	0.62
	-0.42
	-0.59
	0.61
	-0.32
	1


**: significant at P=.01; *: significant at P=.05
	

4. Conclusion

The F₂ populations of jalapeño pepper showed broad genetic variability in most morphological and yield traits. The genotypes Bal, Mix, and Ori stood out for their superior performance: Bal exhibited greater fruit length and number of fruits, Mix excelled in fruit width, wall thickness, and fruit weight, while Ori recorded the highest yield per plant. Fruit size and wall thickness traits showed high heritability, indicating strong genetic control and good potential for selection response. In contrast, yield per plant exhibited low heritability and high environmental influence, suggesting that yield improvement should be achieved through indirect selection based on traits such as fruit size, weight, and number. These results confirm the genetic variability present in the F₂ jalapeño populations, which can be exploited to develop genotypes with outstanding.	Comment by ADMIN: Its very confusing. You did experiment in 7 genotypes but mentioned as f2 population. Be clear about the material used
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