Estimation of Genetic Variability, Heritability and Genetic Advance in Anthurium


Abstract- Twelve varieties of anthurium were evaluated to determine genetic variability, heritability and genetic advance. Analysis of Variance revealed that magnitude of the Phenotypic Coefficient of Variation (PCV) was higher than Genotypic Coefficient of Variation (GCV) for all the traits. High level of GCV (41.46) and PCV (41.91) were recorded for spadix length, whereas high level of PCV was also recorded for number of suckers per plant (30.88) followed by leaf width (30.50). High heritability was recorded for plant height (99.08) followed by inflorescence stalk length (98.82), petiole length (98.40), spadix length (97.88), water uptake (93.95), leaf width (93.51),  leaf length (89.00) , spathe width (91.94), plant spread (87.36), number of suckers per plant (82.72) and spathe length (81.91). High heritability coupled with high genetic advance as per cent of mean was recorded for plant height, petiole length, leaf width, spadix length, number of suckers per plant and inflorescence stalk length showing greater chances of improvement through breeding programme.
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Introduction
Anthurium andreanum, a species indigenous to the rainforests of South-West Colombia, made its initial entry into Europe in 1876 before its subsequent dissemination to tropical regions such as Brazil, Hawaii, and India (Singh, 1987). Over time, this species has emerged as a commercially important cut flower, appreciated for its vivid pigmentation and remarkable post-harvest longevity, with vase life spanning from 14 to more than 40 days (Dufour and Guérin, 2003; Elibox and Umaharan, 2010). The botanical architecture of anthurium is noteworthy for its androgynous reproductive system—its diminutive, true flowers are borne on a spadix, each encircled by four stamens, signifying the presence of both male and female reproductive organs. In the context of the expanding global floriculture trade, A. andreanum has attained a distinguished status among the ten most highly traded cut flowers worldwide, with significant cultivation centers established in Hawaii, the Netherlands, and Mauritius. The species' aesthetic value, durability and appeal in interior ornamentation have substantially contributed to its market prominence. In India, while various regions have explored its commercial potential, the state of Bihar—despite its agronomic suitability for floriculture—has witnessed limited scientific evaluation of anthurium cultivars. To address this gap, the present study seeks to examine and compare multiple anthurium varieties based on morphological characters such as foliage structure, inflorescence attributes, plant compactness, and overall performance, with the objective of identifying cultivars best suited for Bihar’s environmental conditions. Effective plant breeding relies heavily on quantifying and interpreting genetic parameters including genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability in the broad sense (h²), and expected genetic advance as a percentage of the mean. These parameters are integral for estimating the potential response to selection and facilitating the development of superior varieties (Namita et al., 2008). Understanding the interaction between genotype and environment, along with the mode of gene action—whether additive (heritable), non-additive or dominant (non-heritable) or epistatic (non-allelic dominance)—is essential for deciphering trait inheritance and enhancing yield potential. Thus, this investigation aims to assess the genetic variability, heritability and genetic advance of selected anthurium varieties to inform breeding strategies and support the advancement of anthurium cultivation for commercial purposes, particularly under the agro-climatic conditions of Bihar.
Materials and Methods 
The present investigation was carried out during the winter season of 2024–25 in a net house maintained by the Department of Horticulture (Floriculture and Landscaping), Bihar Agricultural University (BAU), Sabour, Bhagalpur, Bihar, India. Data were recorded on the following parameters: plant height at harvesting stage (cm), plant spread (cm), leaf length (cm), leaf width (cm), number of suckers per plant, number of leaves per plant, petiole length (cm), days to first flower bud initiation, days to first flowering, flowering duration (days), spathe length (cm), spathe width (cm), spadix length (cm), flower longevity (days), inflorescence stalk length (cm), number of flowers per plant, vase life (days), and water uptake (mL). The mean values were subjected to analysis of variance, and estimates of genotypic and phenotypic coefficients of variation were calculated using the formulae proposed by Burton and Devane (1953). To classify the magnitude of various genetic parameters, the criteria established by Sharma et al. (1990) were adopted. For both phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV), values exceeding 30% were considered high, those ranging from 15% to 30% as moderate, and values below 15% as low. Heritability in the broad sense (h²) was categorized as high when greater than 80%, moderate between 50% and 80%, and low if below 50%. Similarly, genetic gain was deemed high when it surpassed 50%, moderate when ranging from 25% to 50%, and low when it fell below 25%.
Results and Discussion 
The extent of genetic variability among plant traits provides a strong foundation for initiating any successful crop improvement program. In the present investigation, variability was assessed through the estimation of the phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) for sixteen morphological and floral traits of anthurium. These statistical measures are crucial because they allow for the standardized comparison of traits that differ in measurement scales, thus facilitating a comprehensive evaluation of genetic diversity. The results of the PCV and GCV analysis are presented in Table 1.
For all sixteen traits evaluated, the PCV was consistently greater than the corresponding GCV. This consistent trend suggests that the expression of each trait is influenced not only by genetic factors but also by environmental conditions. The fact that PCV values exceed GCV values indicates the presence of environmental variance, thereby reducing the apparent genotypic influence when evaluating traits on a purely phenotypic basis. Therefore, careful selection based on observed phenotypes must consider the extent of environmental effects.
Among the traits, spadix length exhibited the highest variability at both genotypic and phenotypic levels, with GCV recorded at 41.46% and PCV at 41.91%, respectively. The very narrow difference between the two values clearly indicates minimal environmental influence on this trait, thus confirming its strong genetic basis. This result positions spadix length as a promising candidate for direct selection in future breeding programs. The high variability observed for this trait aligns with earlier findings reported by Sheena (2015), Anand et al. (2017) and Thomas et al. (2022), who also emphasized the considerable variation in spadix morphology among anthurium cultivars.
Similarly, number of suckers per plant exhibited high phenotypic variation (PCV = 30.88%), while the GCV stood at 28.09%. Although the difference here is slightly larger than in spadix length, the trait still exhibits strong genetic control with moderate environmental influence. Leaf width, another vegetative parameter, recorded high PCV (30.50%) and moderate GCV (29.50%), reinforcing its genetic responsiveness with limited environmental variability. These traits are critical for assessing overall plant vigor and architecture, which directly impact both ornamental quality and propagation potential.
The presence of such high variability in spadix length, sucker production and leaf width suggests ample scope for improvement through appropriate selection strategies. However, the substantial influence of environmental components on some traits requires that selection be based on multi-location trials or replicated experiments to stabilize trait expression and ensure consistent performance. The results reflect a balance of genetic potential and environmental modulation, which is central to the successful improvement of quantitative traits.
Moderate GCV and PCV values were recorded for traits such as plant height (GCV = 25.26%, PCV = 25.38%), leaf length (GCV = 18.25%, PCV = 19.35%), petiole length (GCV = 26.75%, PCV = 26.97%), spathe length (GCV = 18.46%, PCV = 20.40%), spathe width (GCV = 21.38%, PCV = 22.30%) and inflorescence stalk length (GCV = 26.04%, PCV = 26.20%). The close proximity between GCV and PCV for these traits implies that the observed phenotypic variation is largely attributable to genetic causes, with relatively minor environmental impact. This further enhances the reliability of phenotypic selection for these characters.
Among these traits, plant height is especially noteworthy due to its significant influence on plant posture and visual appeal, which are essential in ornamental horticulture. A GCV of 25.26% and PCV of 25.38% suggests this trait is highly heritable and responsive to selection. Likewise, petiole length and inflorescence stalk length, which contribute to flower display height, also showed favorable variability, making them reliable indicators for selection.
Leaf length and width contribute significantly to photosynthetic efficiency and plant aesthetics. The moderate variation observed in these traits reflects a reasonable potential for selection and improvement. Spathe length and width are of particular ornamental value, being primary components influencing flower size and overall attractiveness. Moderate genetic variability in these characters provides breeders with an opportunity to enhance floral display without extensive environmental buffering.
On the other hand, low levels of GCV and PCV were observed for plant spread (GCV = 11.16%, PCV = 11.94%), days taken to first flowering (GCV = 2.20%, PCV = 4.00%), flowering duration (GCV = 6.24%, PCV = 8.32%), number of inflorescences per plant (GCV = 8.19%, PCV = 11.68%) and water uptake (GCV = 8.92%, PCV = 9.20%). These traits exhibit a greater difference between genotypic and phenotypic values, underscoring the substantial role of environmental factors in their expression. Improvement through direct selection would be relatively more difficult due to the masking effect of the environment on genetic expression. Additionally, number of leaves per plant (GCV = 12.89%) and vase life (GCV = 14.14%) also exhibited low genotypic variability, further highlighting the limited scope for genetic enhancement without controlling environmental variation.
The results of this investigation closely mirror those reported by Madhukumar (2010), Sheena (2015), Anand et al. (2017) and Thomas et al. (2022), who documented similar patterns of trait variability in anthurium. These findings reinforce the notion that while certain characters are predominantly governed by genetic factors, others are subject to a complex interplay between genotype and environment.
Broad-sense heritability is another key parameter used to assess the proportion of total phenotypic variation that is attributable to genetic differences among individuals. High heritability implies that the trait is reliably passed from parent to offspring and that phenotypic selection will likely result in genetic improvement. In the present study, very high heritability was recorded for plant height (99.08%), inflorescence stalk length (98.82%), petiole length (98.40%), spadix length (97.88%), water uptake (93.95%), leaf width (93.51%), spathe width (91.94%) and leaf length (89.00%). These results suggest that these traits are under strong genetic control and would respond well to selection.
Plant spread also exhibited high heritability (87.36%), while number of suckers per plant showed a heritability of 82.72%, placing both traits within the high heritability category. This indicates that selection for these characters would be effective.  Moderate heritability was found in number of leaves per plant (68.29%), vase life (59.67%) and flowering duration (56.30%). These traits, while still largely influenced by genetics, are also subject to environmental conditions, making selection somewhat less predictable. Low heritability was observed for number of inflorescences per plant (49.12%) and days taken to first flowering (30.28%), implying a dominant influence of non-genetic factors.
Genetic advance as percent of mean (GAM) complements heritability by quantifying the expected improvement in a trait under selection. High GAM was recorded for spadix length (84.50%), leaf width (58.76%), petiole length (54.66%), number of suckers per plant (52.62%), inflorescence stalk length (53.33%) and plant height (51.80%). These traits combine high heritability with substantial expected gains, indicating that they are primarily governed by additive gene effects and can be effectively improved through phenotypic selection.
Moderate genetic advance was observed for leaf length (35.48%), spathe length (34.42%) and spathe width (32.23%). These characters, although not as genetically responsive as the previous set, still provide a favorable outlook for selection. In contrast, traits like plant spread (21.49%), number of leaves per plant (21.94%), vase life (22.50%) and water uptake (17.80%) exhibited lower GAM values. Moreover, days taken to first flowering (2.49%), flowering duration (9.65%) and number of inflorescences per plant (11.82%) showed very low genetic advance, indicating limited scope for improvement under existing selection pressures.
When heritability and genetic advance are interpreted together, they offer a more nuanced understanding of the underlying genetic architecture. Traits like plant height (h² = 99.08%, GA = 51.80%), leaf width (h² = 93.51%, GA = 58.76%), petiole length (h² = 98.40%, GA = 54.66%), number of suckers per plant (h² = 82.72%, GA = 52.62%), spadix length (h² = 97.88%, GA = 84.50%) and inflorescence stalk length (h² = 98.82%, GA = 53.33%) exhibit both high heritability and high genetic advance. According to the classification proposed by Panse and Sukhatme (1985), this pattern is indicative of additive gene action and selection for these characters is likely to yield significant genetic improvement.
Traits such as leaf length (h² = 89.00%, GA = 35.48%), spathe length (h² = 81.91%, GA = 34.42%) and spathe width (h² = 91.94%, GA = 42.23%) exhibited high heritability with moderate genetic advance. This suggests that these characters are influenced by both additive and non-additive gene actions. Plant spread (h² = 87.36%, GA = 21.49%) and water uptake (h² = 93.95%, GA = 17.80%) demonstrated high heritability but low genetic advance, indicating possible dominance or epistatic effects and thus requiring more sophisticated breeding strategies.
Traits such as spadix length, number of suckers per plant, leaf width, plant height, petiole length and inflorescence stalk length emerged as key selection indices due to their high GCV, high heritability and high genetic advance. These traits are predominantly governed by additive genetic effects and are thus highly amenable to selection. On the contrary, traits with low variability, low heritability and low genetic advance may not be reliably improved through direct selection alone and may require alternative breeding approaches. The overall results from this study provide a scientific basis for trait prioritization in anthurium breeding programs and are consistent with previously reported findings by Madhukumar (2010), Sheena (2015), Anand et al. (2017) and Thomas et al. (2022).

Conclusion 
In present study differences between GCV and PCV value for most of morphological quality and post harvest traits were generally nominal, suggesting that these traits were less affected by environmental effects. The traits like plant height, plant spread ,followed by inflorescence stalk length ,petiole length ,spadix length ,water uptake ,leaf width ,spathe width, leaf length number of suckers per plant and spathe length exhibited maximum heritability that can further be utilized for the crop improvement through appropriate breeding programme.

Recommendation: With the research findings of the present study, good performing varieties under Bihar conditions can be further evaluated in multi-locations and can be recommended for further commercial cultivation.
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Table.1 Genetic estimates for various growth, flowering and quality parameters in anthurium
	S No.
	Traits

	Range

	GCV
(%)
	PCV
(%)
	Heritability (%)
	GA as % mean

	1. 
	Plant height (cm)
	18.58 – 39.33
	25.26
	25.38
	99.08
	51.80

	2. 
	Plant spread (cm)
	27.01- 38.37
	11.16
	11.94
	87.36
	21.49

	3. 
	Leaf length (cm)
	12.06 – 20.33
	18.25
	19.35
	89.00
	35.48

	4. 
	Leaf width (cm)
	6.79 – 15.11
	29.50
	30.50
	93.51
	58.76

	5. 
	Petiole length (cm)
	16.71 – 35.09
	26.75
	26.97
	98.40
	54.66

	6. 
	Number of leaves/ plant
	6.83 – 10.67
	12.89
	15.60
	68.29
	21.94

	7. 
	Number of suckers/ plant
	1.00 – 4.00
	28.09
	30.88
	82.72
	52.62

	8. 
	Days taken to first flowering
	132.50 – 145.83
	2.20
	4.00
	30.28
	2.49

	9. 
	Flowering duration (days)
	74.33 – 85.33
	6.24
	8.32
	56.30
	9.65

	10. 
	Spathe length (cm)
	4.32 – 8.55
	18.46
	20.40
	81.91
	34.42

	11. 
	Spathe width (cm)
	4.45 – 8.82
	21.38
	22.30
	91.94
	42.23

	12. 
	Spadix length (cm)
	1.96 – 6.93
	41.46
	41.91
	97.88
	84.50

	13. 
	Inflorescence stalk length (cm)
	14.15 – 32.95
	26.04
	26.20
	98.82
	53.33

	14. 
	Number of inflorescence  per plant
	3.83 – 5.33
	8.19
	11.68
	49.12
	11.82

	15. 
	Water uptake (ml)
	16.83 – 25.03
	8.92
	9.20
	93.95
	17.80

	16. 
	Vase life (days)
	12.00 – 21.33
	14.14
	18.31
	59.67
	22.50




Fig. 1 Graphical representation of magnitudes of heritability and genetic advance as percent mean for sixteen characters in anthurium


Fig. 2 Graphical representation of magnitudes of genotypic and phenotypic coefficients of variation for sixteen characters in anthurium
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