Inter-Varietal hybridization in Nerium oleander L.: Assessment of reproductive performance, seed viability, and germination potential


[bookmark: abstract]Abstract
Inter-varietal hybridization is an effective approach to improve ornamental and commercial traits in Nerium oleander L., an evergreen shrub of significant horticultural and medicinal importance. The present study evaluated 16 inter-varietal crosses for pod set, pod drop, seed viability, and germination potential to identify superior parental combinations. Pod set varied widely, with the highest recorded in UHSBN-4 × UHSBN-3 (67.39%) and UHSBN-26 × UHSBN-28 (66.67%), indicating high cross-compatibility. Seed viability ranged from 0.0% in incompatible crosses to 71.0% in UHSBN-24 × UHSBN-12, while germination rates varied from 0.0% to 68.0%, reflecting genetic and physiological barriers in certain combinations. The study highlights UHSBN-24 × UHSBN-12, UHSBN-8 × UHSBN-19, and UHSBN-26 × UHSBN-28 as promising hybrids for ornamental and commercial cultivation. These findings provide valuable insights for breeding strategies aimed at improving Nerium quality and productivity.
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[bookmark: introduction]Introduction
Nerium oleander L. (Apocynaceae) is a widely cultivated, commercially significant ornamental and medicinal shrub, particularly valued as a loose flower in Southern India. The necessity for improvement is urgent, driven by the demand for new varieties with enhanced yield, vigor, and stress tolerance. However, conventional breeding is severely constrained by reproductive obstacles, specifically poor reproductive performance (low pod set), subsequent challenges with seed viability, and notoriously low germination potential (Parashuram et al., 2021). These cumulative failures drastically limit the recovery of hybrid progeny.
Inter-varietal hybridization (Lamichhane and Thapa, 2022) is the strategic tool to expand the genetic base, yet its successful application hinges on understanding these specific barriers. This involves analyzing Pollen-Pistil Interaction (Pre-zygotic) causing low pod set, investigating Post-Zygotic Failure (Embryo/Endosperm) responsible for pod drop and poor seed viability, and optimizing Germination Physiology to maximize hybrid recovery from viable seeds.
The present study aims to: 1) evaluate cross-compatibility by assessing pod set, 2) determine seed viability and pod drop to characterize post-zygotic barriers, and 3) record germination efficiency across various Nerium crosses to identify superior hybrids suitable for commercial ornamental use.
[bookmark: materials-and-methods]Materials and methods
Plant material: Thirteen Nerium oleander cultivars maintained at the Department of Floriculture and Landscape Architecture, College of Horticulture, Bagalkot, University of Horticultural Sciences, Bagalkot were used in this study. The cultivars varied in flower color, type, bud opening, and anther dehiscence times (Table 1).
Table 1: List of cultivars used for hybridization
	S.No.
	Cultivar
	Place of Collection
	Flower Colour
	Flower Type
	Bud Opening Time
	Anther Dehiscence Time

	1
	UHSBN-3
	TNAU,Coimbatore
	White
	Single
	6.30–7.30 am
	6.30–7.30 am

	2
	UHSBN-8
	TNAU,Coimbatore
	Light pink
	Single
	6.30–7.30 am
	6.30–7.30 am

	3
	UHSBN-9
	TNAU,Coimbatore
	White
	Single
	6.30–7.30 am
	6.30–7.30 am

	4
	UHSBN-12
	TNAU,Coimbatore
	Pink
	Single
	6.30–7.30 am
	7.30–8.30 am

	5
	UHSBN-14
	TNAU,Coimbatore
	Pink with yellow centre
	Single
	6.30–7.30 am
	6.30–7.30 am

	6
	UHSBN-15
	TNAU,Coimbatore
	Ivory yellow
	Single
	7.30–8.30 am
	6.30–7.30 am

	7
	UHSBN-16
	TNAU,Coimbatore
	White
	Double
	7.30–8.30 am
	6.30–7.30 am

	8
	UHSBN-19
	TNAU,Coimbatore
	Ivory yellow
	Single
	6.30–7.30 am
	6.30–7.30 am

	9
	UHSBN-23
	Bagalkot, Karnataka
	Red
	Single
	7.30–8.30 am
	7.30–8.30 am

	10
	UHSBN-24
	Bangalore, Karnataka
	Ivory yellow
	Double
	7.30–8.30 am
	6.30–7.30 am

	11
	UHSBN-26
	Ilkal, Karnataka
	Pink
	Single
	7.30–8.30 am
	7.30–8.30 am

	12
	UHSBN-28
	Bangalore, Karnataka
	Salmon baby pink
	Single
	6.30–7.30 am
	6.30–7.30 am

	13
	UHSBN-29
	Ilkal, Karnataka
	Pink
	Single
	6.30–7.30 am
	6.30–7.30 am


Hybridization procedure: Controlled hand-pollinations were carried out between June and September 2019–2020. Flowers were emasculated before anthesis and pollinated with pollen from selected male parents. Pollinated flowers were tagged for data collection.
Table 2: Cross combinations conducted in Nerium for hybridization
	Cross combinations conducted during the study

	UHSBN 29 X UHSBN 24
	UHSBN 24 X UHSBN 23

	UHSBN 16 X UHSBN 24
	UHSBN 8 X UHSBN 19

	UHSBN 26 X UHSBN 28
	UHSBN 3 X UHSBN 15

	UHSBN 9 X UHSBN 23
	UHSBN 23 X UHSBN 3

	UHSBN 24 X UHSBN 12
	UHSBN 14 X UHSBN 3


Observations recorded: 1. Pod set (%): Ratio of pods formed to flowers pollinated. 2. Pod drop at immature stage: Count of immature pods that abscised before maturity. 3. Month of pod maturity: Date when pods reached full maturity and splitting. 4. Seed count per fruit: Average number of seeds per matured pod. 5. Seed viability (%): Determined using tetrazolium staining. 6. Seed germination (%): Recorded under controlled greenhouse conditions.
Statistical analysis: Data were analyzed using descriptive statistics (mean, percentage), and compatibility and post-zygotic barriers were inferred from pod set, seed viability, and germination outcomes.
[bookmark: results-and-discussion]Results and Discussion
Pod Set (%): Pod set varied widely among crosses, indicating differential compatibility. UHSBN-4 × UHSBN-3 (67.39%) and UHSBN-26 × UHSBN-28 (66.67%) exhibited the highest pod set, whereas UHSBN-27 × UHSBN-16 (9.09%) showed very low set. Differences in pod set may be due to pollen-pistil interactions and genetic compatibility. This variation may be attributed to the limited number of pollen tubes successfully reaching the ovary and penetrating the ovules, thereby affecting fertilization, a common pre-zygotic reproductive barrier. Such failures are often governed by complex genetic interactions, such as the Gametophytic Self-Incompatibility (GSI) or Sporophytic Self-Incompatibility (SSI) systems, which can reject incompatible pollen tubes at the stigma or in the style (East & Mangelsdorf, 1925; Vít, 2017). The high variability in pod set aligns with reports in other crops where sexual compatibility is a major determinant of initial cross success (Nyadanu et al., 2023).

Fig.1 Reproductive performance and seed viability across nerium cross combinations
Pod drop at immature stage: High pod drop was observed in crosses with high initial pod set, e.g., UHSBN-4 × UHSBN-3 lost all immature pods, indicating post-zygotic barriers. This phenomenon, known as fruit or seed abortion, is a classic mechanism of reproductive isolation in plants, occurring after successful fertilization (O’Dell and Rajakaruna, 2011). The abortion often stems from a breakdown in the development of the endosperm or embryo, where incompatible gene interactions—such as the Dobzhansky-Muller (D-M) incompatibilities—lead to developmental arrest and subsequent pod abscission (Turelli et al., 2001; Stebbins, 1958). Moderate pod drops, such as in UHSBN-29 × UHSBN-24, resulted in some mature pods, demonstrating better hybrid stability and suggesting less severe post-zygotic incompatibility in these specific combinations.
Seed development and viability Seed counts per fruit were highest in UHSBN-24 × UHSBN-12 (95 seeds) and lowest in UHSBN-27 × UHSBN-16 (34 seeds). Seed viability ranged from 0.0% to 71.0%, with high viability in UHSBN-24 × UHSBN-12 and UHSBN-26 × UHSBN-28. Non-viable seeds (e.g., 0.0%) in certain crosses strongly suggest post-zygotic incompatibility resulting in embryo or endosperm failure (Brink & Cooper, 1947). The lack of viable seeds despite initial fertilization is often the result of improper resource allocation or genetic mismatch between the developing embryo (hybrid) and the surrounding endosperm or maternal tissue (Haig & Westoby, 1991). The substantial variation in seed count and viability underscores the genetic control of these traits in hybrid populations (Kuligowska et al., 2016).
Seed germination Germination rates mirrored seed viability. Highest germination was recorded in UHSBN-24 × UHSBN-12 (68%) and UHSBN-8 × UHSBN-19 (65%), while several crosses showed no germination, indicating strong reproductive barriers. Zero germination in viable seeds may point to an extreme form of seed dormancy or, more likely, a lethal 







Table 3: Reproductive performance and seed viability across nerium cross combinations

	Cross combinations
	Month of crossing
	No. of flower crossed
	No. of pod set
	Pod set (%)
	No. of pods dropped at immature stage
	No. of pod matured
	Month of pod splitting
	No. of seeds per fruits
	Seed viability (%)
	Seed germination (%)

	UHSBN-29 X UHSBN-24
	September-2020
	27
	11
	40.74
	7
	4
	April-2021
	86
	60.30
	35.00

	UHSBN-16 X UHSBN-24
	September-2020
	14
	8
	57.14
	4
	4
	April-2021
	82
	52.10
	20.00

	UHSBN-26 X UHSBN-28
	July-2020
	39
	26
	66.67
	23
	3
	February-2021
	94
	67.40
	42.00

	UHSBN-17 X UHSBN-26
	September-2020
	9
	2
	22.22
	2
	0
	June-2021
	92
	0.00
	0.00

	UHSBN-3 X UHSBN-21
	September -2019
	21
	13
	61.90
	13
	0
	May-2020
	34
	0.00
	0.00

	UHSBN-24 X UHSBN-12
	June-2020
	18
	9
	50.00
	7
	2
	January-2021
	95
	71.00
	68.00

	UHSBN-24 X UHSBN-4
	June-2020
	12
	7
	42.00
	5
	2
	March-2021
	22
	45.50
	10.00

	UHSBN-8 X UHSBN-19
	September-2020
	52
	32
	61.54
	26
	6
	April-2021
	83
	69.30
	65.00

	UHSBN-3 X UHSBN-15
	June-2020
	21
	9
	42.86
	7
	2
	January-2021
	26
	50.20
	14.00

	UHSBN-7 X UHSBN-11
	June-2020
	29
	12
	41.38
	10
	2
	March-2021
	69
	63.10
	39.00

	UHSBN-14 X UHSBN-3
	June-2020
	45
	24
	53.33
	19
	5
	February-2021
	88
	57.80
	18.00

	UHSBN-4 X UHSBN-3
	September-2019
	46
	31
	67.39
	31
	0
	March-2020
	92
	0.00
	0.00

	UHSBN-17 X UHSBN-18
	June-2020
	13
	3
	23.08
	3
	0
	February-2021
	57
	0.00
	0.00

	UHSBN-21 X UHSBN-27
	July-2020
	10
	2
	20.00
	2
	0
	February-2021
	69
	0.00
	0.00

	UHSBN-25 X UHSBN-24
	July-2020
	8
	3
	37.50
	3
	0
	March-2021
	46
	0.00
	0.00

	UHSBN-27 X UHSBN-16
	June-2020
	11
	1
	9.09
	1
	0
	March-2021
	34
	0.00
	0.00





hybrid weakness or necrosis that is not manifested until the germination stage (Sandstedt, 2022). The correlation between high seed viability and high germination is expected and confirms the physiological quality of the seed in successful crosses.
Variations in pod set, seed viability, and germination among crosses are likely due to genetic distance, pre-zygotic pollen-pistil interactions, and post-zygotic embryo development barriers. Crosses with high pod set but no seed viability (e.g., UHSBN-4 × UHSBN-3) highlight a classic case of post-zygotic incompatibility, where initial success is followed by failure at a later developmental stage. The study emphasizes the importance of selecting genetically compatible parent cultivars for successful hybrid breeding, as superior hybrid performance (heterosis) is maximized when parents possess high general combining ability and are appropriately genetically diverse, but not so distant as to trigger incompatibility barriers (Berlan, 2022; Bernardo, 2008). These findings are in close agreement with those of Ranchana (2013), who reported that the number of seeds per pod ranged from 16.00 to 42.00 in different tuberose hybrid combinations. Similar observations were also reported by Kuligowska et al. (2016) in Hibiscus.
[bookmark: conclusion]Conclusion
Inter-varietal hybridization in Nerium oleander revealed significant variation in reproductive success. Crosses involving double-type flowers often faced difficulty in achieving successful pod set and seed development, likely due to differences in floral morphology, pollen-pistil incompatibility, or asynchronous flowering, which reduce effective fertilization. In contrast, single-type crosses generally showed higher success rates in pod set, seed viability, and germination. Among the hybrids studied, UHSBN-24 × UHSBN-12, UHSBN-8 × UHSBN-19, and UHSBN-26 × UHSBN-28 emerged as superior crosses, demonstrating high reproductive efficiency and making them promising candidates for both commercial cultivation and ornamental breeding programs. This study provides a scientific basis for the strategic selection of compatible parent varieties to enhance seed production and hybrid performance in Nerium oleander.
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Reproductive performance and seed viability 
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