Assessment of Phenotypic Diversity and Performance Evaluation of Local Lotus (Nelumbo nucifera Gaertn.)  Genotypes in Kerala
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Abstract: The great morphological diversity of lotus genotypes makes them an exceptional waterscaping component, and their unique flowers and seed pods make them excellent choice in floral arrangements and sacred offerings. A large number of lotus genotypes with significant ornamental and functional value are growing widely across Kerala. There is tremendous potential for exploring the commercial, medicinal, and landscape value of these indigenous types. The study evaluated ten local lotus genotypes collected from various districts of Kerala, specifically KAU Nn 1 (Kasaragod), KAU Nn 2 (Kasaragod), KAU Nn 5 (Thrissur), KAU Nn 6 (Kottayam), KAU Nn 8 (Kottayam), KAU Nn 10 (Malappuram - Thirunavaya pink lotus), KAU Nn 16 (Kozhikkod), KAU Nn 18 (Kottayam), KAU Nn 31 (Palakkad), and KAU Nn 42 (Wayanad). The research findings revealed great phenotypic variability among the studied genotypes. Genotypes KAU Nn 6 identified as the most vigorous genotype, exhibited superior vegetative growth, the highest leaf production, and unique leaf pigmentation characterized by a red-edged margin. In contrast, KAU Nn 18 and KAU Nn 10 with compact growth habit can be suggested to small ponds or pools for waterscaping due to their shorter plant height and specific structural attributes. From a floral perspective, the germplasm demonstrated significant phenotypic variability in flower type, bud shape, and color, which are essential for future crop improvement. KAU Nn 6 was particularly notable for its high flowering intensity, producing 12 flowers per year and producing flowers in dormant period also. Other genotypes such as KAU Nn 1 and KAU Nn 16 were double flowered type with distinct ovoid or conic bud shapes, but only single flower could produce during whole study period.  The diversity of flower bud colours ranging from green-yellow and green-purple to green-red and flower colour from pink to white or greenish white, further underscores the ornamental potential of these local genotypes since unopened flower buds are sold as loose flowers in floral market. KAU Nn 16 was found to be the premier ornamental choice for its exceptional flower diameter and rare double-white form. KAU Nn 5 exceled in producing the highest flower count among double types, maximum petal density, and the earliest blooming cycle. Collectively, these findings provide a vital foundation for further genetic improvement and the selection of superior varieties for commercial floriculture in India.
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Introduction
Lotus (Nelumbo nucifera Gaertn.) can be utilized as primary aquatic features, specimen plants for large water bodies, and for aesthetic grouping in landscape designs. They are also highly valued in floriculture industry for their functional uses, including flower buds as loose flowers for sacred offerings, the fully opened flowers as cut flowers and both green as well as dried pods in floral decorations. 
Lotus belongs to a diverse group of aquatic plants, having significant phenotypic variability and diverse accessions are seen in various parts of the world. Lotus is widely distributed in wetland and pond habitats across tropical and subtropical regions, is highly adapted to sunny and water-logged areas. 
Lotus is the national flower of India, locally known as 'Kamal' occurring from Kashmir to Kanyakumari and exhibiting enormous phenotypic diversity. As a member of the monogeneric family Nelumbonaceae, the genus is represented by two species: Nelumbo lutea (Yellow lotus), indigenous to North America, and N. nucifera, native to tropical and sub-tropical Asia. These plants demonstrate a large number of racial variants with blooms ranging from white to dark pink and containing 16 to 160 petals, as seen in the unique pink race N. nucifera ‘Krishna’. The National Botanical Research Institute (NBRI) maintains a national collection of 60 races, including 35 indigenous types collected across various Indian states and 25 exotic races all over the worldwide (Goel et al., 2001).  
A large number of lotus genotypes with significant ornamental and functional value are found widely across Kerala. The Thirunavaya Pink Lotus is celebrated for its superior floral structure, characterized by a vibrant hue, generous size, and a distinct, captivating fragrance that sets it apart from other cultivars found in South India. This botanical excellence drives significant market demand, particularly within the religious landscape of Kerala, it is a preferred floral offering in prestigious temples across. Beyond its ritualistic importance, the distribution of this crop supports a thriving local economy in Malappuram, spanning over 100 acres (Murugan, and Preetha, 2023). The cultivation of lotus is also intrinsically linked to the Kole lands of Kerala, a unique Ramsar-designated wetland system of Thrissur and Malappuram districts.
Hence, there is tremendous potential for exploring the commercial, medicinal, and landscape value of these indigenous types of lotus. Hence, the objective of this study was to collect local genotypes from different parts of the state and evaluate their morphological performance to identify the most suitable types for commercial cultivation and genetic improvement under Kerala’s specific climatic conditions.
Materials and methods
The study was conducted at the Department of Floriculture and Landscaping, College of Agriculture, Vellanikkara, over the period of 2023-2025. This study focused on the evaluation of morphological and genetic diversity of indigenous lotus genotypes collected from various parts of Kerala. A total of 10 genotypes were collected from diverse agro-climatic zones of Kerala, including Kasaragod, Thrissur, Kottayam, Malappuram, Kozhikkod, Palakkad, and Wayanad (Plate 1). The experiment was laid out in a Completely Randomized Design (CRD) with two replications for each genotypes to ensure statistical accuracy. Three-noded rhizomes with healthy buds were utilized as the primary planting material. These were planted in containers measuring 20 x 25 inches with a 160-liter capacity, using a growing media consisting of a 3:1 ratio of soil and dried cow dung. Throughout the duration of the study, uniform management practices were strictly adopted across all genotypes to maintain experimental consistency.
To comprehensively document the phenotypic variation among the collected lotus genotypes, detailed observations were made for both vegetative and floral characteristics, including both qualitative and quantitative traits. These observations were strictly performed in accordance with the International Union for the Protection of New Varieties of Plants (UPOV, 2023) standards to ensure standardized characterization. Vegetative data focused on growth habits and leaf structures, while floral evaluation covered aesthetic, morphological and reproductive properties to capture the full diversity of the collected germplasm.
Result and discussion 
The collected germplasm exhibited distinct vegetative and floral characteristics, with significant variation observed across the evaluated genotypes. Most genotypes exhibited medium plant height ranging from 92 cm to 126 cm (KAU Nn 2 and KAU Nn 6 respectively). Only KAU Nn 10 (84 cm) and KAU Nn 18 (83 cm) were categorized as "Short" types, suggesting their potential suitability for smaller water features or container gardening. Regarding the leaf parameters, the aerial leaf number varied widely, with KAU Nn 6 producing the highest number of leaves per year (14) and the largest emerging leaf blade size (41.00 cm). In contrast, KAU Nn 31 recorded the smallest leaf blade size at 16.25 cm (Table 1a).  In terms of qualitative characteristics, most genotypes displayed uniform "Green" young leaves and "Dark green" emerging leaf blades without variegation, KAU Nn 6 stood out with a distinct "Green centre with red edge" on its young leaves, indicating its unique ornamental value. Emerging leaf variegation was absent in all ten evaluated grnotypes. With regards to the surface characteristics of leaves, KAU Nn 1 possessed a "Very smooth" blade texture, while others like KAU Nn 31 and KAU Nn 42 were "Weekly rough". The red line on the leaf margin was only present in KAU Nn 6, thickest petiole (9.84 mm) was recorded in the same, followed by KAU Nn 10 (7.10 mm) whereas the thinnest petioles were observed in KAU Nn 8 (2.14 mm). Spine density on the petioles varied from "Dense" (KAU Nn 6 and KAU Nn 10) to "Sparse" (KAU Nn 5, 8, 16, 31, and 42). Most accessions featured an "Elliptical" emerging leaf blade shape, with the exception of KAU Nn 16, which was identified as "Round" shape. Furthermore, the shape of the emerging leaf longitudinal blade section exhibited structural diversity, with most accessions being "Strongly concave" (KAU Nn 6, 10, 16, 42), while others were "Medium concave" (KAU Nn 1, 5, 8), "Weekly concave" (KAU Nn 2, 31), or uniquely "Flat" in the case of KAU Nn 18. The emerging leaf upper blade margin varied among genotypes, with KAU Nn 6, KAU Nn 10, and KAU Nn 42 exhibiting a strongly concave margin, while others displayed medium or weekly concave characteristics. The evaluation of the leaf nose gap revealed that most genotypes, including KAU Nn 1, KAU Nn 2, KAU Nn 5, KAU Nn 6, KAU Nn 8, KAU Nn 10, KAU Nn 16, KAU Nn 18, and KAU Nn 31, featured a Medium gap. In contrast, accession KAU Nn 42 was distinguished by a Broad leaf nose gap (Table 1b).
The floral parameters demonstrated significant phenotypic variability among the studied germplasm, providing a valuable resource for future crop improvement and breeding programs. Each genotype exhibited distinct characteristics regarding its colour, shape, and size. With regards to the flower type,  A mix of "Single" ( KAU Nn 2, 6, 8, 31, 18,42) and "Double" (e.g., KAU Nn 1, 5, 10, 16) flower types were observed and  the shape of the flower buds ranged from "Conic" (KAU Nn 1, 2, 31, 42) to "Ovoid" (KAU Nn 10, 16) and "Ovoid conic" (KAU Nn 5, 6, 8, 18). Perpetual flowering habit is the one of the important breeding traits especially in local genotypes, KAU Nn 6 demonstrated the highest flowering intensity with 12.00 flowers, followed by KAU Nn 2 with 7.00 flowers. Genotypes KAU Nn 1 and KAU Nn 16 produced the fewest at 1.00 flower each. Regarding the Flower Position, the flowers of KAU Nn 6 stood "Far above" the aerial leaves, while others like KAU Nn 16 were "Slightly below" the aerial leaves (Table 2a).
Wild Asian lotuses are typically red or pink, while white-flowered types are observed only on rare occasions which has been reported in China (Chen, et al., 1999). The analysis of the 10 genotypes revealed a clear predominance of certain morphological traits, particularly regarding flower colour and type. Pink is the most frequent flower colour, accounting for 80 percent (8 out of 10) of the samples, while white flowers represent only 20 percent. This distribution is congruent with the genetic mechanism of flower color inheritance, where pink is dominant over white due to the lack of anthocyanin pigments in the white genotypes (Liu et al., 2023). In terms of flower type, single type flowers are more common (60%) compared to double flowers (40%). A notable correlation exists between these two characteristics, all white flowers in studied genotypes (KAU Nn 1 and KAU Nn 16) are exclusively of the double type and originated from green yellow buds. Conversely, the pink flowers were predominantly single, showing more diversity, including two double-type genotypes (KAU Nn 5 and KAU Nn 10). Interestingly, the highest flower productivity (12.00) was found in a single/pink genotypes (KAU Nn 6), whereas the double/white genotypes consistently showed the lowest flower numbers (1.00) across the group (Table 2a).
There was a significant variation in precocity of flowering among the studied genotypes, ranging from 105.00 days (KAU Nn 5) to 682.00 days (KAU Nn 42). KAU Nn 5, 31, 8, 10, and 6 form a group of relatively early-flowering genotypes, while KAU Nn 2, 18, 1, and 16 show a mid-range delay. KAU Nn 42 stands out as the late flowering type, significantly different from other genotypes. The time required for a bud to bloom was relatively stable across the genotypes, with values between 13.50 days (KAU Nn 31) and 18.34 days (KAU Nn 6). Despite the narrow range, KAU Nn 6, 18 and 1 took significantly longer time to open compared to the faster-blooming KAU Nn 31, 10 and 16. A low CV of 8.10% suggests that this trait is more genetically fixed than the timing of the first bud. With regards to floral diameter, the range was between 15.85 cm and 19.00 cm. However, KAU Nn 16 was found to be double flowered cultivar, significant outlier with a much larger flower diameter of 28.00 cm. This makes KAU Nn 16 distinctly superior in flower size compared to all other genotypes, which mostly fall within a similar diameter range. Significant variation among the genotypes was also observed with respect to the number of petals. The genotypes were sharply divided into two groups based on the number of petals, those with high petal counts (multi-petalled or "double" types) and those with low counts ("single" types). KAU Nn 5 had the highest petal count (93.66), followed closely by KAU Nn 10, 16, and 1. In contrast, KAU Nn 42, 18, and 2 had lowest number of petals, around 14 to 15. This character showed a high degree of divergence between the genotypes (Table 2.b).
Presence of transition petal is the unique feature of multi-petalloid flower type is only observed in double type flowers and absent in single flower types.   KAU Nn 16 recorded the highest number of transition petals (18.00), while KAU Nn 1, 5, and 10 had moderate amounts (9.00 to 12.00). All other single flowered genotypes (31, 8, 6, 2, 18, and 42) recorded 0.00, indicating a clean distinction between simple and complex flower structures. Petal length was found to be one of the most consistent traits, ranging from 8.05 cm (KAU Nn 2) to 11.21 cm (KAU Nn 31). While the differences are statistically significant with KAU Nn 31, 42, and 16 having the longest petals the overall variation was low (CV of 7.5%), suggesting that petal length does not vary as drastically as petal number. The stamen count varied from 100.04 (KAU Nn 5) to 162.00 (KAU Nn 8). Interestingly, KAU Nn 8, with very low petal count, had the highest number of stamens. This often suggests a correlation where resources are allocated to reproductive organs (stamens) rather than vegetative-like organs (extra petals). The inverse relationship observed between stamen count and the presence of transitional petals in KAU Nn 5 aligns with the findings of Minimol and Prasannakumari (2011), who reported that transitional petals are morphological modifications of stamens. A general trend of lower stamen counts was observed in 'double' flowers; specifically, the lowest number of stamens was recorded in KAU Nn 5. This reduction was achieved through the conversion of reproductive stamens into sterile, petaloid structures, resulting in a significantly lower stamen count compared to the 'single' type, KAU Nn 8. The ovule count showed significant differences, with KAU Nn 6 having a much higher count (16.66) than all other genotypes. The ovule count of the other genotypes. Most other genotypes ranged between 6.50 and 10.25. The high ovule count in KAU Nn 6 suggests a higher potential for seed production compared to genotypes like KAU Nn 10, which has the lowest count at 6.50 (Table 2b).
Conclusion 
The evaluated genotypes offer a diverse genetic pool for varied applications.  KAU Nn 6 identified as a promising genotype for high-intensity biomass and year-round flowering with perpetual flowering habit.  KAU Nn 10 and KAU Nn 18 with compact plant architecture are ideal for container gardening. KAU Nn 5 and KAU Nn 16 are double-flowered cultivars noted for their specialized floral contributions. Among the white double genotypes, KAU Nn 5 proved superior in terms of flower production, while KAU Nn 16 was prominent for its floral characteristics, specifically exhibiting the largest flower diameter. These findings provide a robust foundation for the systematic selection and genetic improvement of Nelumbo nucifera Gaertn.)  for commercial and environmental purposes. 
[image: C:\Users\admin\Desktop\photo.jpg]Plate 1. Morphological diversity of 10 local lotus genotypes under experimental study


References
Chen, L., Zhao, J., Ni, X. & Xu, L. (1999). The current situation and significance of the research on ancient lotus. Bulletin of Biology, 34(1), 1-2.
Goel, A., Sharma, S. C., & Sharga, A. N. (2001). The conservation of the diversity of Nelumbo (lotus) at the National Botanical Research Institute, Lucknow, India. Botanic Gardens Conservation News, 3(6), 52-54. 
Minimol, J. S. & Prasannakumari, S. (2011). Reproductive biology of lotus. The Andhra Agricultural Journal, 58(3), 315–327.
Murugan, K. & Preetha, N. (Eds.). (2023). Case studies of sustainable use of biodiversity (Vol. 4). Kerala State Biodiversity Board.
UPOV. (2023). Guidelines for the conduct of tests for distinctness, uniformity and stability: Nelumbo (Lotus) (Draft). International Union for the Protection of New Varieties of Plants, Geneva.
Liu, J.,  Yuxin Wang, Xianbao Deng, Minghua Zhang, Heng Sun, Lei Gao, Heyun Song, Jia Xin, Ray Ming, Dong Yang & Mei Yang. (2023). Transcription factor NnMYB5 controls petal color by regulating GLUTATHIONE S-TRANSFERASE2 in Nelumbo nucifera, Plant Physiology, 193(2), 1213–1226.










Table 1a. Vegetative characters of different lotus (Nelumbo nucifera Gaertn.) genotypes
	Sl.No
	Lotus genotypes

	Color of young leaf
	Plant height (cm)
	Arial leaf number

	Emerging leaf blade size (cm)
	Emerging leaf variegation on blade
	Emerging leaf blade colour

	1
	KAU Nn1
	Green 
	Medium (96cm)
	12
	20.25
	Absent 
	Dark green 

	2
	KAU Nn 2
	Green 
	Medium (92cm)
	11
	18.50
	Absent
	Dark green

	3
	KAU Nn 5
	Green
	Medium (114cm)
	7
	23.00
	Absent
	Dark green

	4
	KAU Nn 6
	Green centre with red edge
	Medium (126cm)
	14
	41.00
	Absent
	Dark green

	5
	KAU Nn 8
	Green
	Medium (94cm)
	8
	22.50
	Absent
	Dark green

	6
	KAU Nn 10
	Green
	Short (84cm)
	4
	29.00
	Absent
	Dark green

	7
	KAU Nn 16
	Green
	Medium (110cm)
	9
	27.00
	Absent
	Dark green

	8
	KAU Nn 18
	Green
	Short (83cm)
	9
	21.25
	Absent
	Dark green

	9
	KAU Nn 31
	Green
	Medium (97cm)
	4
	16.25
	Absent
	Dark green

	10
	KAU Nn 42
	Green
	Medium (125cm)
	11
	25.00
	Absent
	Dark green










Table 1b. Vegetative characters of different lotus (Nelumbo nucifera Gaertn.) genotypes.
	Sl.No
	Lotus genotypes
	Emerging leaf blade shape
	Emerging leaf: shape of longitudinal blade section
	Emerging leaf: blade texture
	Emerging leaf: upper blade  margin
	Emerging leaf: red line of leaf margin
	Leaf nose gap
	Petiole thickness
(mm)
	Petiole spine density

	1
	KAU Nn1
	Elliptical
	Medium concave
	Very smooth
	Weekly concave
	Absent
	Medium
	5.51
	Medium

	2
	KAU Nn 2
	Elliptical
	Weekly concave
	Medium smooth
	Medium concave
	Absent
	Medium
	4.62
	Medium

	3
	KAU Nn 5
	Elliptical
	Medium concave
	Medium smooth
	Medium concave
	Absent
	Medium
	5.91
	Sparse

	4
	KAU Nn 6
	Elliptical
	Strongly concave
	Medium smooth
	Strongly concave
	Present
	Medium
	9.84
	Dense

	5
	KAU Nn 8
	Elliptical
	Medium concave
	Medium smooth
	Medium concave
	Absent
	Medium
	2.14
	Sparse

	6
	KAU Nn 10
	Elliptical
	Strongly concave
	Medium smooth
	Strongly concave
	Absent
	Medium
	7.10
	Dense

	7
	KAU Nn 16
	Round
	Strongly concave
	Medium smooth
	Weekly concave
	Absent
	Medium
	6.42
	Sparse

	8
	KAU Nn 18
	Elliptical
	Flat
	Medium smooth
	Medium concave
	Absent
	Medium
	2.63
	Medium

	9
	KAU Nn 31
	Elliptical
	Weekly concave
	Weekly rough
	Weekly concave
	Absent
	Medium
	3.22
	Sparse

	10
	KAU Nn 42
	Elliptical
	Strongly concave
	Weekly rough
	Strongly concave
	Absent
	Broad
	4.23
	Sparse








Table 2a. Floral characters of different lotus (Nelumbo nucifera Gaertn.) genotypes
	Sl.
No
	Lotus genotypes

	Shape of flower bud
	Flower bud colour
	Flower number
	Flower position comparison to leaf
	Flower type
	Flower  colour

	1
	KAU Nn1
	Conic
	Green yellow
	1.00
	Medium above
	Double 
	White

	2
	KAU Nn 2
	Conic
	Green red
	7.00
	Medium above
	Single 
	Pink

	3
	KAU Nn 5
	Ovoid conic
	Green red
	6.00
	Medium above
	Double
	Pink

	4
	KAU Nn 6
	Ovoid conic
	Green red
	12.00
	Far above
	Single
	Pink

	5
	KAU Nn 8
	Ovoid conic
	Green red
	4.00
	Medium above
	Single 
	Pink

	6
	KAU Nn 10
	Ovoid
	Green red
	2.00
	Medium above
	Double
	Pink

	7
	KAU Nn 16
	Ovoid
	Green yellow
	1.00
	Slightly below
	Double
	White

	8
	KAU Nn 18
	Ovoid conic
	Green red
	2.00
	Same 
	Single
	Pink

	9
	KAU Nn 31
	Conic
	Green purple
	4.00
	Slightly below
	Single
	Pink

	10
	KAU Nn 42
	Conic
	Green red
	5.00
	Slightly above
	Single
	Pink







Table 2 b. Floral characters of different lotus (Nelumbo nucifera Gaertn.) genotypes

	Sl.No
	Lotus genotypes
	Days to appearance of the first flower bud (days)
	Days from flower bud to flower opening (days)
	
Flower diameter
	
Number of petals
	Number of transition petals
	
Length of petal
	
Number of stamen
	
Number of
ovule

	1
	KAU Nn 1
	539.00 ± 0.00b
	18.00 ± 0.00a
	19.00 ± 0.00b
	72.00 ± 0.00b
	9.00 ± 0.00c
	9.00 ± 0.00bcd
	112.00 ± 0.00c
	9.00 ± 0.00bc

	2
	KAU Nn 2
	490.50 ± 64.35b
	16.00 ± 1.41ab
	16.80 ± 0.01c
	15.77 ± 1.55c
	0.00 ± 0.00d
	8.05 ± 1.44d
	104.31 ± 21.24c
	7.98 ± 0.98bc

	3
	KAU Nn 5
	105.00 ± 43.84c
	15.75 ± 0.35ab
	17.31 ± 1.07bc
	93.66 ± 13.67a
	11.84 ± 1.18b
	9.89 ± 0.20abc
	100.04 ± 3.13c
	7.21 ± 0.06c

	4
	KAU Nn 8
	159.00 ± 12.73c
	15.00 ± 0.00b
	19.00 ± 0.71b
	16.50 ± 0.71c
	0.00 ± 0.00d
	9.05 ± 0.07bcd
	162.00 ± 4.24a
	7.50 ± 0.71c

	5
	KAU Nn 6
	179.50 ± 0.71c
	18.34 ± 1.18ab
	17.09 ± 1.65bc
	15.91 ± 0.12c
	0.00 ± 0.00d
	8.43 ± 1.48cd
	153.00 ±26.16ab
	16.66 ± 0.47a

	6
	KAU Nn 10
	196.00 ± 31.11c
	14.00 ± 1.41b
	15.85 ± 1.20c
	83.00 ± 8.49ab
	12.00 ± 2.83b
	8.60 ± 0.85cd
	109.00 ± 24.04c
	6.50 ± 0.71c

	7
	KAU Nn 16
	565.00 ± 0.00b
	14.00 ± 0.00b
	28.00 ± 0.00a
	76.00 ± 0.00b
	18.00 ± 0.00a
	10.50 ± 0.00ab
	104.00 ± 0.00c
	9.00 ± 0.00bc

	8
	KAU Nn 18
	523.50 ± 19.09b
	18.00 ± 0.00a
	18.88 ± 0.18b
	14.00 ± 1.41c
	0.00 ± 0.00d
	9.77 ± 0.11abc
	119.50 ± 2.12bc
	10.25 ± 0.35b

	9
	KAU Nn 31
	147.50 ± 0.71c
	13.50 ± 0.71b
	16.71 ± 1.01c
	16.88 ± 0.18c
	0.00 ± 0.00d
	11.21 ± 0.30a
	138.25 ± 1.06abc
	8.75 ± 1.06bc

	10
	KAU Nn 42
	682.00 ± 132.94a
	15.70 ± 3.25ab
	16.25 ± 0.92c
	14.30 ± 0.42c
	0.00 ± 0.00d
	10.83 ± 0.18a
	135.80 ± 37.05abc
	10.20 ± 3.11b

	
	CD
	111.92
	2.87
	1.96
	11.45
	2.16
	1.6
	39.36
	2.55

	
	CV(%)
	14.00
	8.10
	4.8
	12.00
	19.00
	7.5
	14.00
	12.00
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