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Abstract 
 

The present investigation assessed genetic variability and estimated key genetic parameters for yield, yield-

attributing, and popping quality traits in popcorn (Zea mays var. everta) genotypes. Forty-four popcorn 

genotypes, comprising 42 hybrids and two checks, were evaluated during the maize Rabi season from 

November 2025 to April 2026 at the Regional Agricultural Research Station, Lam, Guntur, Andhra Pradesh, 

India. The experiment was laid out in a randomised complete block design with three replications. Data were 

collected for 13 traits, namely days to 50% anthesis, days to 50% silking, days to maturity, plant height, ear 

height, ear length, ear girth, number of kernel rows per ear, number of kernels per row, 100-kernel weight, 

grain yield per plant, popping expansion volume, and popping percentage. Analysis of variance revealed 

significant genotypic differences for all traits, indicating exploitable variability within the evaluated material. 
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The phenotypic coefficient of variation exceeded the genotypic coefficient of variation for all traits, 

suggesting environmental influence on trait expression. Popping expansion volume showed the highest 

phenotypic and genotypic coefficients of variation, with values of 21.96% and 21.55%, respectively, whereas 

days to 50% silking showed the lowest variability. Broad-sense heritability ranged from 32.17% for days to 

50% anthesis to 96.32% for popping expansion volume. Genetic advance as per cent of mean ranged from 

1.96% to 43.57%. High heritability coupled with high genetic advance for popping expansion volume and ear 

girth indicates that these traits may respond effectively to selection in popcorn improvement programmes. 
 

 

Keywords: Popcorn; popping expansion volume; variability; heritability; genotypic coefficient of variation; 

phenotypic coefficient of variation. 
 

1. Introduction  
 

Maize (Zea mays L.) is one of the most important cereal crops globally because of its high productivity, wide 

adaptability, and diverse applications in food, feed, and industrial sectors. It plays a crucial role in global agri-

food systems and is essential for ensuring food and nutritional security in the face of increasing demand for 

agricultural products (Erenstein et al., 2022). According to the Unified Portal for Agricultural Statistics (UPAg, 

2025-2026), maize is cultivated in India over an area of 14.41 million hectares, producing 55.09 million tonnes 

with an average productivity of 3824 kg/ha. Recent work on maize under water-stress conditions has also 

demonstrated that environmental constraints can markedly influence plant growth and productivity, reinforcing 

the need to distinguish genetic variability from environmental effects during trait evaluation (Nassif et al., 

2025). 
 

Popcorn (Zea mays var. everta) is a speciality type of maize cultivated exclusively for human consumption and 

is distinguished by its unique popping ability. The growing popularity of ready-to-eat snacks, coupled with 

increasing consumer preference for healthier food products, has substantially expanded the global popcorn 

market. However, despite its commercial importance, genetic improvement in popcorn remains constrained by a 

relatively narrow genetic base and limited utilisation of diverse germplasm resources (Gopinath et al., 2024). 

Recent popcorn studies have further shown that morphological and genetic characterisation of local and 

breeding germplasm can reveal useful diversity for conservation and breeding (Lezzi et al., 2025). 
 

The development of high-yielding popcorn hybrids with superior popping quality requires the identification and 

exploitation of genetic variability present within breeding materials. Genetic variability serves as the foundation 

of crop improvement, providing opportunities for the selection of desirable genotypes and the development of 

superior cultivars. The effectiveness of selection largely depends on the magnitude of heritable variation 

available for economically important traits. Assessment of genetic variability through quantitative genetic 

parameters such as genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), 

heritability, and genetic advance provides valuable information on the nature and extent of variation present in a 

population. While GCV and PCV indicate the degree of genetic and environmental influence on trait expression, 

heritability estimates the proportion of phenotypic variation attributable to genetic factors. Genetic advance, 

when considered together with heritability, helps predict the effectiveness of selection and the expected genetic 

gain in subsequent generations (Saritha et al., 2024). Combining-ability studies in popcorn have identified 

parental lines and hybrid combinations differing in grain yield and popping volume, indicating that targeted 

evaluation of breeding materials is necessary for hybrid development (Divya et al., 2024; Oloruntoba et al., 

2025). Selection-based improvement studies have also reported gains for yield and popping expansion in 

popcorn populations, supporting the use of quantitative genetic parameters to guide breeding decisions 

(Zermeno-Campos et al., 2024). 
 

Although recent studies have described genetic diversity, combining ability, and selection response in popcorn 

germplasm, limited information is available on the magnitude of heritable variation for yield-attributing and 

popping quality traits in the popcorn hybrids evaluated under the present experimental conditions. 
 

In popcorn, grain yield and popping quality are complex traits influenced by several morphological and 

agronomic characters. Therefore, understanding the magnitude of variability and inheritance of these traits is 

essential for identifying promising genotypes and formulating efficient breeding strategies. The objective of the 

present investigation was to assess genetic variability, heritability, and genetic advance for yield and yield-

related traits in popcorn hybrids. 
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2. Materials and Methods 
 

2.1 Experimental Site and Design 
 

The experimental site is located at 16°20' N latitude and 80°26' E longitude, at an altitude of 31.5 metres above 

mean sea level. The experimental material comprised 42 hybrids and two checks (VL Amber and Jawahar). 

Each genotype was sown in four rows of 4 m length, maintaining a spacing of 60 cm between rows and 20 cm 

between plants, resulting in a plot area of 9.6 m². Recommended agronomic practices were followed throughout 

the growing season to ensure optimum crop growth and development. 
 

2.2 Collection of Data 
 

 Data were collected for the following traits: days to 50% anthesis, days to 50% silking, days to maturity, plant 

height (cm), ear height (cm), cob length (cm), cob girth (cm), number of kernel rows, number of kernels per 

row, grain yield (g/plant), hundred-kernel weight (g), popping expansion volume (ml/g), and popping 

percentage (%). Five inner plants were randomly selected and tagged from each plot to record observations for 

all quantitative traits, while days to 50% anthesis, days to 50% silking, and days to maturity were recorded on a 

plot basis. For each entry in each replication, the mean value of the five selected plants was calculated for each 

trait and used for statistical analysis. 
 

2.3 Statistical Analysis 
 

Analysis was carried out in the R programme using the variability package (R Core Team, 2025). 
 

2.3.1 Analysis of Variance 
 

Analysis of variance was performed to partition the total variation into variation due to treatments and 

replications, following the procedure outlined by Panse and Sukhatme (1967), for all the characters. 
 

2.3.2 Phenotypic and Genotypic Coefficient of Variation 
 

The genotypic and phenotypic coefficients of variation were computed according to Falconer (1996) and 

expressed as percentages. 
 

𝐺𝐶𝑉 =
(G)

(x̅)
× 100 

 

𝑃𝐶𝑉 =
(P)

(x̅)
× 100 

 

2.3.3 Heritability in Broad Sense 
 

Heritability in broad sense was computed using the formula described by Allard (1999) and expressed as a 

percentage. 
 

Heritability =
(G)

(P)
× 100 

 

2.3.4 Genetic Advance as per cent of Mean (GAM) 
 

Genetic advance as per cent of mean was computed using the formula described by Allard (1999) and expressed 

as a percentage. 
 

Genetic Advance (GA) = K x σp x h2 (bs) 

 

K: Selection differential at 5% selection intensity (2.06); h2
bs: heritability in broad sense; σp: Phenotypic 

standard deviation. 
 

GAM =
Genetic Advance

Grand mean
x 100 
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3. Results and Discussion 

 

3.1 Analysis of variance 
 

The mean sum of squares due to genotypes showed significant differences for all characters (Table 1), indicating 

the presence of substantial genetic variability among the genotypes. Similar results were reported by Kharel et 

al. (2017) and Reddy et al. (2024). 

 

3.2 Phenotypic and Genotypic Coefficients of Variation 
 

For all traits, PCV values were higher than the corresponding GCV values, indicating the influence of 

environmental factors on trait expression. However, the relatively narrow differences between PCV and GCV 

for some traits suggest a greater role of genetic factors in their inheritance (Table 2). Popping expansion volume 

was estimated to have high PCV and GCV values (21.96 and 21.55, respectively). Moderate PCV and GCV 

values were recorded for ear girth (15.33 and 14.03, respectively) and popping percentage (14.05 and 11.60, 

respectively). Similarly, low PCV and GCV values were estimated for ear height (9.96 and 7.26, respectively), 

ear length (9.05 and 7.20, respectively), plant height (8.21 and 5.63, respectively), days to maturity (4.83 and 

4.42, respectively), days to 50% anthesis (2.96 and 1.68, respectively), and days to 50% silking (2.65 and 1.81, 

respectively). The remaining traits showed moderate PCV and low GCV, namely kernel rows per ear (14.15 and 

9.74, respectively), hundred-kernel weight (11.25 and 9.22, respectively), and kernels per row (10.91 and 8.92, 

respectively). Grain yield per plant (20.91 and 15.90, respectively) recorded high PCV and moderate GCV, as 

reported earlier by Khan and Mahmud (2021). Similar findings were reported for days to 50% anthesis by Aman 

et al. (2020); days to 50% silking by Reddy et al. (2024); days to maturity and plant height by Veeravishnu et al. 

(2023); ear height by Magar et al. (2021); ear length and ear girth by Kumar et al. (2024); popping expansion 

volume, popping percentage, and number of kernels per row by Banjara et al. (2025); and number of kernel 

rows per ear and hundred-kernel weight by Jagadeesh et al. (2022). 

 

3.3 Heritability 
 

Heritability is a measure of the proportion of total phenotypic variation that is attributable to genetic factors and 

reflects the extent to which a trait is transmitted from parents to offspring (Lush, 1940). Low (0-30%), moderate 

(30-60%), and high (greater than 60%) heritability estimates were grouped according to the classification system 

recommended by Johnson et al. (1955). In the present investigation, the heritability estimates (Figure 1 and 

Table 2) were high for popping expansion volume (96.32%), ear girth (83.77%), days to maturity (83.65%), 

popping percentage (68.08%), hundred-kernel weight (67.26%), kernels per row (66.84%), and ear length 

(63.19%). High heritability offers better opportunities for selecting plant material with desirable characteristics, 

as trait expression is predominantly controlled by genetic factors. Moderate estimates of heritability were 

recorded for grain yield per plant (57.84%), ear height (53.23%), number of kernel rows per ear (47.37%), plant 

height (46.96%), days to 50% silking (46.56%), and days to 50% anthesis (32.17%). In the present study, broad-

sense heritability estimates were computed, which include both additive and non-additive gene effects. High 

broad-sense heritability indicates that a large proportion of the observed variation is genetic in origin, although it 

does not distinguish between additive and non-additive genetic effects. Similar results have been reported for 

days to 50% anthesis and days to 50% silking by Gopinath et al. (2024); plant height by Damtie et al. (2021); 

ear height by Pradhan et al. (2022); popping expansion volume, popping percentage, and ear length by Banjara 

et al. (2025); days to maturity by Veeravishnu et al. (2023); ear girth and hundred-kernel weight by Khan and 

Mahmud (2021); kernel rows per ear by Jagadeesh et al. (2022); and grain yield by Jilo et al. (2018). 

 

3.4 Genetic Advance  
 

Heritability alone does not indicate the extent of genetic improvement that may be achieved through the 

selection of individual genotypes. Therefore, estimates of genetic advance in conjunction with heritability are 

more informative. Traits with high heritability do not necessarily exhibit a correspondingly high genetic 

advance. Genetic advance as a percentage of the mean was grouped as low (less than 10%), moderate (10-20%), 

and high (greater than 20%), according to the classification system recommended by Johnson et al. (1955). High 

genetic advance (Figure 1) was recorded for popping expansion volume (43.57%), grain yield (24.91%), and ear 

girth (26.46%). Similar findings were reported by Tesfaye et al. (2021) for grain yield and by Reddy et al. 

(2022) for ear girth. Expected genetic advance as per cent of mean indicates the mode of gene action in the 
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expression of a trait, which helps in choosing an appropriate breeding method. High heritability coupled with 

high genetic advance generally indicates the predominance of additive gene action and greater effectiveness of 

selection. In the present study, this pattern was observed for popping expansion volume and ear girth, suggesting 

that these traits can be improved through selection and progeny-selection approaches. However, when non-

additive gene action controls a trait, it may result in high heritability but poor genetic advance. Days to 50% 

silking, days to 50% anthesis, and plant height exhibited moderate heritability with low genetic advance, while 

kernel rows per ear and ear height showed moderate heritability and genetic advance (Table 2). Days to 

maturity, ear length, kernels per row, hundred-kernel weight, and popping percentage exhibited high heritability 

coupled with low to moderate genetic advance. Grain yield exhibited moderate heritability coupled with high 

genetic advance, suggesting the involvement of additive gene effects along with environmental influence and 

indicating good prospects for improvement through selection. These results suggest the involvement of both 

additive and non-additive gene effects for most traits, whereas grain yield may respond effectively to selection. 

 

 
 

Fig. 1. Spider plot depicting the heritability and GAM for different traits in popcorn 
DTA: Days to 50% anthesis; DTS: Days to 50% silking; DTM: Days to maturity; PH: Plant height (cm); EH: Ear height 

(cm); EL: Ear length (cm); EG: Ear girth(cm); KRN: kernel rows per ear (no.); NKR: kernels per row (no.); HSW:100-

kernel weight (g); GY: Grain yield per plant (g); PEV: Popping expansion volume (ml/g) and   PP: Popping percentage (%); 

GAM: Expected genetic advance as per cent of mean. 

 

Table 1. Analysis of variance for 13 traits in popcorn hybrids. 

 

S. No Character Replication 

(df: 2) 

Treatment 

(df: 43) 

Error 

(df: 86) 

1 Days to 50% anthesis 0.23 3.16** 1.43 

2 Days to 50% silking 1.52 3.36** 1.03 

3 Days to maturity 0.04 124.95** 4.96 

4 Plant height (cm) 100.57 443.52** 126.35 

5 Ear height (cm) 4.14 208.49** 41.14 

6 Ear length (cm) 0.72 7.28** 1.28 

7 Ear girth (cm) 0.26 9.75** 0.61 

8 Kernel rows per ear (no.) 0.94 8.88** 2.20 

9 Kernels per row (no.) 12.15 49.80** 6.55 

10 100-kernel weight (g) 0.07 8.38** 1.18 

11 Grain yield per plant (g) 121.59 414.51** 76.05 

12 Popping expansion volume(ml/g) 0.02 46.39** 0.53 

13 Popping percentage 5.92 339.46** 44.27 
‘***’:0.1% level of significance; df: Degrees of freedom. 
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Table 2. Estimation of variability parameters for 13 traits in popcorn hybrids 

 

S. No Character PCV GCV H2(bs) GA GAM 

1 DTA 2.96 1.68 32.17 0.94 1.96 

2 DTS 2.65 1.81 46.56 1.29 2.54 

3 DTM 4.83 4.42 83.65 9.48 8.33 

4 PH 8.21 5.63 46.96 14.35 7.95 

5 EH 9.96 7.26 53.23 11.06 10.92 

6 EL 9.05 7.20 63.19 2.37 11.78 

7 EG 15.33 14.03 83.77 3.37 26.46 

8 KRN 14.15 9.74 47.37 2.04 13.81 

9 NKR 10.91 8.92 66.84 6.19 15.02 

10 HKW 11.25 9.22 67.26 2.65 15.58 

11 GY 20.91 15.90 57.84 16.38 24.91 

12 PEV 21.96 21.55 96.32 7.15 43.57 

13 PP 14.05 11.60 68.08 16.82 19.71 
DTA: Days to 50% anthesis; DTS: Days to 50% silking; DTM: Days to maturity; PH: Plant height (cm); EH: Ear height 

(cm); EL: Ear length (cm); EG: Ear girth(cm); KRN: kernel rows per ear (no.); NKR: kernels per row (no.); HKW:100-

kernel weight (g); GY: Grain yield per plant (g); PEV: Popping expansion volume (ml/g) and   PP: Popping percentage 

(%). 
 

4. Conclusion 
 

 The study demonstrated substantial genetic variability among the 44 popcorn genotypes assessed for yield, 

yield-related attributes, and popping quality traits. Analysis of variance revealed significant differences among 

the genotypes for all 13 traits, indicating adequate variability for effective selection. For all traits, the phenotypic 

coefficient of variation exceeded the genotypic coefficient of variation, suggesting that environmental factors 

influenced trait expression to varying extents. Popping expansion volume exhibited the highest phenotypic and 

genotypic variability, while days to 50% anthesis and days to 50% silking showed comparatively low 

variability. High broad-sense heritability was recorded for popping expansion volume, ear girth, days to 

maturity, popping percentage, 100-kernel weight, kernels per row, and ear length. Among these traits, popping 

expansion volume and ear girth also showed high genetic advance as per cent of mean, indicating better 

prospects for improvement through selection. Grain yield per plant showed moderate heritability with high 

genetic advance, suggesting that selection may also be useful for yield improvement, although environmental 

influence should be considered. 

 

5. Limitations 
 

The study was conducted at one location during a single cropping season; therefore, genotype performance 

across environments could not be assessed. The use of broad-sense heritability estimates limits interpretation of 

the precise contribution of additive, dominance, and epistatic gene effects. The study also did not include 

molecular marker analysis or multi-environment validation. Further testing across locations and seasons would 

strengthen the identification of stable, superior popcorn genotypes. 

 

Acknowledgements 
 

The authors gratefully acknowledge the support and facilities provided by the Regional Agricultural Research 

Station, Lam, Guntur and Agricultural College, Bapatla, which enabled the successful completion of this 

research work. The authors also thank all faculty members and staff for their cooperation and assistance during 

the experimentation and data collection 

 

Declaration of AI Use 
 

This manuscript was prepared through the combined contributions of all author(s), including contributions to the 

study design, data, content development, results, interpretation, and related scholarly work. The author(s) 

acknowledge the use of Grammarly and ChatGPT to assist with grammar checking, language refinement, 

reference formatting. These AI-assisted tools were not used as authors and did not replace the intellectual 



 
 

 

 
Shaik et al.; Int. J. Plant Soil Sci., vol. 38, no. 7, pp. 469-476, 2026; Article no.IJPSS.161377 

 

 

 
475 

 

contributions or scholarly judgment of the author(s). All AI-assisted outputs, including content, references, and 

interpretations, were carefully reviewed, revised, verified, and approved by the author(s). The author(s) accept 

full responsibility for the accuracy, integrity, and final content of the manuscript. 
 

Competing Interests  
 

Authors have declared that they have no known competing financial interests OR non-financial interests OR 

personal relationships that could have appeared to influence the work reported in this paper. 
 

References 
 

Allard, R. W. (1999). Principles of plant breeding (2nd ed.). John Wiley & Sons. https://www.wiley.com/en-

us/shop/general-introductory-agriculture/principles-of-plant-breeding-2nd-edition-p-9780471023098  

Aman, J., Bantte, K., Alamerew, S., & Sbhatu, D. B. (2020). Correlation and path coefficient analysis of yield 

and yield components of quality protein maize (Zea mays L.) hybrids at Jimma, western Ethiopia. 

International Journal of Agronomy, 2020, Article 9651537. https://doi.org/10.1155/2020/9651537  

Banjara, S., Lamichhane, S., Dhakal, K. H., Kunwar, C. B., & Gautam, S. (2025). Agro-morphological and 

quality trait analysis in popcorn (Zea mays var. everta): Unveiling genotypic potential. Cogent Food & 

Agriculture, 11(1), Article 2516184. https://doi.org/10.1080/23311932.2025.2516184  

Damtie, Y., Assefa, G., & Mulualem, T. (2021). Genetic variability, heritability, trait associations and path 

coefficient analysis of maize (Zea mays L.) inbreed lines. Journal of Current Opinion in Crop Science, 

2(1), 86–94. https://doi.org/10.62773/jcocs.v2i1.22  

Divya, K., Sumalini, K., Nagesh Kumar, M. V., & Lakshmi Prasanna, K. (2024). Genetic analysis for popping 

traits in tropical inbred lines of popcorn (Zea mays var. everta). Journal of Scientific Research and 

Reports, 30(8), 518–528. https://doi.org/10.9734/jsrr/2024/v30i82275  

Erenstein, O., Jaleta, M., Sonder, K., Mottaleb, K., & Prasanna, B. M. (2022). Global maize production, 

consumption and trade: Trends and R&D implications. Food Security, 14(5), 1295–1319. 

https://doi.org/10.1007/s12571-022-01288-7  

Falconer, D. S., & Mackay, T. F. C. (1996). Introduction to quantitative genetics (4th ed.). Longman. 

https://www.pearson.com/en-gb/subject-catalog/p/introduction-to-quantitative-

genetics/P200000004168/9780582243026  

Gopinath, I., Hossain, F., Thambiyannan, S., Sharma, N., Duo, H., Kasana, R. K., Katral, A., Devlash, R., 

Veluchamy, S. S. K. R., Zunjare, R. U., Sekhar, J. C., Guleria, S. K., Rajasekaran, R., & Muthusamy, V. 

(2024). Unraveling popping quality through insights on kernel physical, agro-morphological, and quality 

traits of diverse popcorn (Zea mays var. everta) inbreds from indigenous and exotic germplasm. Food 

Research International, 191, Article 114676. https://doi.org/10.1016/j.foodres.2024.114676  

Jagadeesh, K., Babu, K. S., & Kumar, D. P. (2022). Correlation and path coefficient analysis of grain yield and 

yield related traits in maize (Zea mays L.). International Journal of Plant & Soil Science, 34(22), 1512–

1520. https://doi.org/10.9734/ijpss/2022/v34i2231526  

Jilo, T., Tulu, L., Birhan, T., & Beksisa, L. (2018). Genetic variability, heritability and genetic advance of maize 

(Zea mays L.) inbred lines for yield and yield related traits in southwestern Ethiopia. Journal of Plant 

Breeding and Crop Science, 10(10), 281–289. https://doi.org/10.5897/JPBCS2018.0742  

Johnson, H. W., Robinson, H. F., & Comstock, R. E. (1955). Estimates of genetic and environmental variability 

in soybeans. Agronomy Journal, 47(7), 314–318. 

https://doi.org/10.2134/agronj1955.00021962004700070009x  

Khan, S., & Mahmud, F. (2021). Genetic variability and character association of yield components in maize 

(Zea mays L.). American Journal of Plant Sciences, 12(11), 1691–1704. 

https://doi.org/10.4236/ajps.2021.1211118  

Kharel, R., Ghimire, S. K., Ojha, B. R., & Koirala, K. B. (2017). Estimation of genetic parameters, correlation 

and path coefficient analysis of different genotypes of maize (Zea mays L.). International Journal of 

Agriculture Innovations and Research, 6, 191–195.  

Kumar, S., Singh, L., Yadav, R. K., Kumar, S., Maurya, C. L., Mishra, A., & Babu, K. (2024). Study about 

genetic variability, heritability and genetic advance for yield and yield attributing traits of maize (Zea 

mays L.). International Journal of Research in Agronomy, 7(9), 251–255. 

https://doi.org/10.33545/2618060X.2024.v7.i9d.1501  

Lezzi, A., Stagnati, L., Petretto, E., Soffritti, G., Lodetti, S., Rossi, G., Lanubile, A., Marocco, A., & Busconi, 

M. (2025). Biodiversity of Northern Italy popcorn: A study on genetic diversity and agronomic 

https://doi.org/10.1155/2020/9651537
https://doi.org/10.1080/23311932.2025.2516184
https://doi.org/10.9734/jsrr/2024/v30i82275
https://doi.org/10.1007/s12571-022-01288-7
https://www.pearson.com/en-gb/subject-catalog/p/introduction-to-quantitative-genetics/P200000004168/9780582243026?utm_source=chatgpt.com
https://www.pearson.com/en-gb/subject-catalog/p/introduction-to-quantitative-genetics/P200000004168/9780582243026?utm_source=chatgpt.com
https://doi.org/10.1016/j.foodres.2024.114676
https://doi.org/10.9734/ijpss/2022/v34i2231526
https://doi.org/10.2134/agronj1955.00021962004700070009x
https://doi.org/10.4236/ajps.2021.1211118
https://doi.org/10.33545/2618060X.2024.v7.i9d.1501


 
 

 

 
Shaik et al.; Int. J. Plant Soil Sci., vol. 38, no. 7, pp. 469-476, 2026; Article no.IJPSS.161377 

 

 

 
476 

 

performances of traditional landraces. Frontiers in Plant Science, 16, Article 1536714. 

https://doi.org/10.3389/fpls.2025.1536714  

Lush, J. L. (1940). Intra-sire correlations or regressions of offspring on dam as a method of estimating 

heritability of characteristics. Journal of Animal Science, 1940(1), 293–301. 

https://doi.org/10.2527/jas1940.19401293x  

Magar, B. T., Acharya, S., Gyawali, B., Timilsena, K., Upadhayaya, J., & Shrestha, J. (2021). Genetic 

variability and trait association in maize (Zea mays L.) varieties for growth and yield traits. Heliyon, 7(9), 

Article e07939. https://doi.org/10.1016/j.heliyon.2021.e07939  

Nassif, A., Hammad, Y., Ibrahim, J., & Darwish, M. (2025). Comparing the role of mineral fertilizer, organic 

fertilizer and rhizobacteria as bio-fertilizers in increasing the tolerance of maize plants (Zea mays L.) to 

water stress. Asian Journal of Advances in Research, 8(1), 86–96. 

https://doi.org/10.56557/ajoair/2025/v8i1508  

Oloruntoba, O. O., Ogunniyan, D. J., Akintunde, A. T., & Olakojo, S. A. (2025). Combining ability for grain 

yield and popping expansion in popcorn (Zea mays everta) hybrids. Turkish Journal of Agriculture - 

Food Science and Technology, 13(8), 2111–2118. https://doi.org/10.24925/turjaf.v13i8.2111-2118.7706  

Panse, V. G., & Sukhatme, P. V. (1967). Statistical methods for agricultural workers (2nd ed.). Indian Council 

of Agricultural Research.  

Pradhan, P., Thapa, B., Ghosh, A., Subba, V., Sahu, C. R., & Kundagrami, S. (2022). Genetic variability 

assessment on yield attributing traits in maize (Zea mays L.) inbred lines. The Pharma Innovation 

Journal, 11(5), 1642–1645.  

R Core Team. (2025). R: A language and environment for statistical computing. R Foundation for Statistical 

Computing. https://www.R-project.org/  

Reddy, K. N. B., Hemalatha, V., Yathish, K. R., & Mallaiah, B. (2024). Study of genetic variability, heritability 

and genetic advance in maize (Zea mays L.) inbred lines. Journal of Experimental Agriculture 

International, 46(8), 595–601. https://doi.org/10.9734/jeai/2024/v46i82741  

Reddy, S. G. M., Lal, G. M., Krishna, T. V., Subba Reddy, Y. V., & Sandeep, N. (2022). Correlation and path 

coefficient analysis for grain yield components in maize (Zea mays L.). International Journal of Plant & 

Soil Science, 34(23), 24–36. https://doi.org/10.9734/ijpss/2022/v34i2331558  

Saritha, A., Umarani, E., Ramanjaneyulu, A. V., & Sridevi, S. (2024). Studies on genetic variability, heritability 

and genetic advance in maize (Zea mays L.) populations for yield and its contributing traits. International 

Journal of Advanced Biochemistry Research, 8, 1550–1553.  

Tesfaye, D., Abakemal, D., & Habte, E. (2021). Genetic variability, heritability and genetic advance estimation 

of highland adapted maize (Zea mays L.) genotypes in Ethiopia. Journal of Current Opinion in Crop 

Science, 2(2), 184–191. https://doi.org/10.62773/jcocs.v2i2.57  

Unified Portal for Agricultural Statistics. (2025–2026). All India crop-wise area, production and yield: Third 

advance estimates. Government of India. https://upag.gov.in/dash-reports/allindiaapy  

Veeravishnu, S., Sudhir Kumar, I., Harish Chandar, S. R., Pushpalatha, G., & Krishnam Raju, K. (2023). 

Genetic variability and association studies for grain yield and its component traits in maize (Zea mays L.) 

inbreds. The Pharma Innovation Journal, 12(5), 295–299.  

Zermeño-Campos, L. F., Santacruz-Varela, A., López-Sánchez, H., Calderón-Sánchez, F., García-Perea, H., & 

Pizeno-García, J. L. (2024). Efficiency of stratification on yield and popping expansion of popcorn in the 

context of mass selection. Agronomy, 14(11), Article 2568. https://doi.org/10.3390/agronomy14112568 
 

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://pr.sdiarticle5.com/review-history/161377  

https://doi.org/10.3389/fpls.2025.1536714?utm_source=chatgpt.com
https://doi.org/10.2527/jas1940.19401293x
https://doi.org/10.1016/j.heliyon.2021.e07939
https://doi.org/10.56557/ajoair/2025/v8i1508
https://doi.org/10.24925/turjaf.v13i8.2111-2118.7706
https://www.r-project.org/?utm_source=chatgpt.com
https://doi.org/10.9734/jeai/2024/v46i82741
https://doi.org/10.9734/ijpss/2022/v34i2331558
https://upag.gov.in/dash-reports/allindiaapy?utm_source=chatgpt.com
https://doi.org/10.3390/agronomy14112568
https://pr.sdiarticle5.com/review-history/161377


  G C V =   ( ( G )  ( x ̅ ) × 100


  P C V =   ( ( P )  ( x ̅ ) × 100


  Heritability =   ( ( G )  ( ( P ) × 100


  GAM   =   Genetic   Advance  Grand   mean x   100

