


Next-Generation Methods for Elevating Brinjal Hybrid Seed Yield by Enhancing Pollen Viability

Abstract
This study investigates the pollen viability of brinjal (Solanum melongena L.) over a 12-hour interval under two distinct storage conditions. Pollen viability is a crucial determinant of successful fertilization and fruit set in brinjal, making it imperative to understand how different storage conditions can impact this essential aspect of reproductive biology. In this experiment, brinjal flowers were selected, and their pollen was collected and stored in two separate environments: ambient room temperature and refrigerated storage. Pollen samples were collected at regular intervals, and their viability was assessed using a staining technique to distinguish between viable and non-viable pollen grains. The result validate by transferring anthers, aged between 12 to 72 hours and stored under two different conditions, to the female flowers using a brush. After a two-week period, viability and fruit setting rates were compared. Our results reveal significant differences in pollen viability between the two storage conditions over the 12-hour interval. The study highlights the importance of proper pollen storage conditions in brinjal cultivation and provides valuable insights into optimizing pollen viability for improved crop yield. To maximize fruit set and crop yield, it is advisable to use pollen that has been stored in a refrigerator and has a shorter storage duration. This ensures the availability of highly viable pollen at the time of pollination, promoting successful fertilization and fruit development. The best fruit set percentage occurred when pollen was kept in a refrigerator (64.77%), and when female flowers were pollinated using pollen stored for less than 12 hours (83.84%).
Keywords: Acetocarmine, Pollen storage, Pollen viability, Fruit set percentage



Introduction
Brinjal (Solanum melongena L.), commonly known as eggplant, is a vital vegetable crop of immense economic and nutritional importance globally. The success of its cultivation largely depends on efficient pollination, predominantly facilitated by the transfer of viable pollen grains from the anthers to the stigma of the flower. Pollen viability, defined as the ability of pollen to successfully germinate and fertilize the ovules, plays a pivotal role in the reproductive success and yield of brinjal plants. Environmental factors, such as temperature and humidity, can significantly influence pollen viability, and understanding these factors is crucial for optimizing crop yield. Moreover, the timing of pollination can also have a profound impact on the success of fertilization. As such, investigating the dynamics of pollen viability over time is essential to improve pollination practices and enhance hybrid brinjal crop productivity.
Recent evidence also indicates that pollen quality cannot be represented by a single assay. In eggplant, staining methods can yield viability estimates that differ from in vitro germination, while species-specific germination media materially influence the measured response (Jayaprakash et al., 2018; Tushabe & Rosbakh, 2021; Valadares et al., 2019). Therefore, interpretation of stored pollen quality is strengthened when viability staining is considered alongside a functional germination test rather than treated as a direct proxy for fertilization competence (Langedijk et al., 2023).
Most of the existing studies on pollen storage in brinjal have investigated a limited range of brinjal varieties. Given the diversity of brinjal cultivars used in agriculture, there is a need for research that examines the variation in pollen viability response to storage methods and durations among different brinjal varieties. Varieties may exhibit distinct characteristics and requirements for optimal pollen storage, and addressing this variability can enhance the applicability of findings for hybrid seed production across a wider range of cultivars.
For hybrid seed production, pollen storage is valuable because it can reduce constraints imposed by asynchronous flowering, but its usefulness depends on maintaining germinability during the storage interval. Studies in Solanaceae and other horticultural crops show that lower-temperature storage generally retains pollen performance better than room-temperature storage, although the magnitude of the effect depends on species, genotype, moisture status, and storage duration (Dutta, 2025; Kadri et al., 2022; Langedijk et al., 2023). These observations provide a rationale for evaluating storage method and duration together under crop-specific conditions.
Materials and Methods
The experiment took place in the plant tissur culture laboratory of the College of Agriculture, JAU, Junagadh, during the monsoon season of 2020. It employed a Factorial Completely Randomized Design with three replications. During the experiment, flowers sourced from the paternal contributor, identified as JBR 03-16, of the hybrid brinjal variety known as GJBH 4 were collected at the stage of anthesis. Anthers were delicately extracted using forceps, and these collected anthers were then exposed to sunlight for a duration of approximately 5-10 minutes, the exact time depending on the intensity of the available light.	Comment by ADMIN: Plz correct it 
Top of Form
Pollen was subjected to six different storage durations (P1 to P6) and two storage methods (M1 and M2), resulting in twelve distinct treatment combinations. Twelve different treatment combinations were considered, involving two methods of pollen storage (M1: Pollens stored in a refrigerator, and M2: Pollens stored in ambient conditions) and six different periods of pollen storage (P1 to P6, ranging from 12 to 72 hours old). We meticulously assessed the viability of pollen grains through microscopic examination and viability staining. Pollen grain viability was assessed using the acetocarmine staining method, as described by Moore and Webb in 1972. To obtain the pollen grains, anthers were gently squeezed using a sharp needle. These pollen grains were then stained with a one percent solution of acetocarmine. After an hour, well-stained pollen grains were identified as fertile, while those that remained unstained were considered sterile. Pollen viability for the paternal parent of the hybrid brinjal variety GJBH 4 was determined both immediately at the time of anthesis and at eight-hour intervals, calculated using the formula provided below. Pollen Viability (%) = (Number of Viable Pollen Grains / Total Number of Pollen Grains) x 100
	The validation process involved bagging female flowers four days before transferring anthers (which were 12 to 72 hours old and stored under two different conditions) to the female flowers using a brush. After two weeks, laboratory germination and fruit setting rates were compared. To calculate the percentage fruit setting rate, the following formula was used:
(Fruit setting rate %) = (Number of fruits set / Total number of pollinated flowers) x 100
	Information regarding pollen viability was collected based on an average of three repetitions for each treatment. The average data for pollen viability percentages were subjected to analysis using Factorial Completely Randomized Design (FCRD), and the field experiment was carried out using a Factorial Randomized Block Design as recommended by Cochran and Cox in 1957.
Results and Discussion
The results indicated in table 1 and figure 1 and 2 the viability of pollen is significantly affected by both storage method and time interval. In the case of storage method, pollen stored in a refrigerator (M1) exhibited higher viability (67.26) compared to pollen stored in ambient conditions (M2, 61.889). When considering the impact of storage duration (P1-P6), a clear trend emerges. The viability of pollen decreases with increasing storage time, as illustrated by the following viability values: P1 (90.88), P2 (79.69), P3 (66.21), P4 (57.71), P5 (49.80), and P6 (43.16). This decline in viability is consistent with the expected physiological changes in pollen over time.	Comment by ADMIN: Pollen viability % or insert % after values	Comment by ADMIN: %
The progressive decrease from 90.88% at P1 to 43.16% at P6 indicates a strong duration-associated decline in the proportion of stainable pollen under the conditions of this experiment. A comparable time-dependent deterioration of functional pollen performance has been reported in tomato, where prolonged dry storage was eventually accompanied by lower germinability and fruit-setting capacity, and in date palm, where viability and fruit set declined as storage duration increased and storage temperature became less favorable (Kadri et al., 2022; Song & Tachibana, 2007). More recent evidence from kiwifruit similarly shows that low-temperature storage slows the loss of both acetocarmine stainability and in vitro germination relative to room-temperature storage (Dutta, 2025).	Comment by ADMIN: Use italics
Storing pollen in a refrigerator at a lower temperature helps slow down metabolic processes and reduces oxidative damage, thus preserving pollen viability. Additionally, storing pollen for only 12 hours prevents prolonged exposure to adverse environmental conditions, maintaining the overall health of the pollen grains. This finding aligns with previous research conducted by Jeong and Park (2022) discovered that the germination rate of recently collected rose pollen was comparable to that of pollen preserved at sub-zero temperatures ranging from -20°C to -72°C for a period of up to 30 days. This suggests that storing rose pollen at these low temperatures is an effective method for maintaining its viability. Furthermore, our results are consistent with the work of Johnson and Brown (2019), who emphasized the importance of early harvesting and short-term storage for optimal pollen quality. Their study demonstrated that pollen harvested at the right developmental stage and stored under controlled conditions for a limited duration exhibited superior viability.
Nevertheless, the acetocarmine result should be interpreted as an estimate of cytoplasmic integrity rather than as a direct measurement of germination or fertilization. In eggplant, colorimetric assays have produced viability estimates that differ from in vitro germination, and broader pollen-method studies emphasize that assay composition and scoring method can substantially affect apparent pollen performance (Jayaprakash et al., 2018; Tushabe & Rosbakh, 2021; Valadares et al., 2019). Likewise, work with cryopreserved tomato and pepper pollen has shown that viability and in vitro germinability are positively associated but not numerically equivalent (Langedijk et al., 2023).	Comment by ADMIN: italics	Comment by ADMIN: italics all et al
The study conducted by Neeraja in 2017 investigated pollen viability and modes of pollination in different Solanum species. The findings revealed that pollen viability was limited to just three days across all the genotypes studied. In specific species such as S. incanum, S. gilo, and S. melongena variety Haritha, peak pollen fertility occurred on the second day after flower opening and declined on the third day. Tatis et al. (2012) determined that utilizing pollen stored for 8 hours is advantageous for successful hybrid seed production through artificial hybridization. Khan and Anjum (2006) found that brinjal pollen stored at low temperatures (-30°C and -20°C) demonstrated higher germination percentages compared to pollen stored at +4°C and fresh pollen, with the best germination observed for freeze-dried pollen at -60°C. In a series of studies, researchers found that pollen viability and storage conditions had varying effects on different plant species. For Momordica dioica, pollen viability decreased with longer storage duration, with the most significant decline seen in pollen stored at higher temperatures (room temperature and 10°C) according to Islam and Khan (1998). In the case of brinjal pollen, it remained viable for 8-10 days at 20-22°C, with the best results obtained within four days of storage (Chen, 2003).
The investigation carried out by Kaur et al. in 2017, it was observed that Brassica juncea (L.) pollen stored at room temperature with a relative humidity of 100% lost its viability within 24 hours. However, when the relative humidity ranged from 0% to 20%, pollen could maintain its viability for several days. The research also revealed that lower storage temperatures, specifically at 5 degrees Celsius, resulted in the preservation of pollen viability for extended periods. According to Ćalić et al. (2021), the pollen of these apple cultivars can be effectively stored at -20°C for up to six months.	Comment by ADMIN: take care of font size	Comment by ADMIN: °C
The study investigated the influence of different methods (M1 and M2) and periods (P1 to P6) of pollen storage on the fruit set (%) of brinjal plants (table 1). The results demonstrated significant variations in fruit set among the treatment combinations. In terms of storage methods, it was observed that pollen stored in a refrigerator (M1) exhibited a higher fruit set percentage (64.77) compared to pollen stored under ambient conditions (M2) (57.67). This difference was consistent across all storage durations (P1 to P6). Regarding the storage durations, the fruit set percentage generally decreased as the storage duration increased. Pollen that was stored for shorter periods (P1) resulted in higher fruit set percentages (83.84) compared to pollen stored for longer periods (P6) (39.68). 
The fruit-set pattern therefore provides an important in vivo complement to the staining observations. The higher fruit set with refrigerated pollen and the progressive reduction from P1 to P6 are directionally consistent with studies showing that storage conditions which better preserve pollen germinability also tend to sustain reproductive performance after pollination (Dutta, 2025; Kadri et al., 2022; Song & Tachibana, 2007). However, because the present table reports a non-significant method × storage-period interaction, the data support independent main effects of storage method and duration rather than evidence that the rate of decline across durations differed significantly between the two storage methods.
Table 1 The impact of different pollen storage methods and durations on the viability percentage of pollen and the fruit set percentage in brinjal
	Treatments
	Pollen Viability (%)
	Fruit set (%)

	Method of pollen storage (M)

	M1 = pollen stored in refrigerator
	67.26
	64.77

	M2 = pollen stored in ambient condition
	61.88
	57.67

	S. Em. ±
	0.16
	0.91

	C.D. at 5 %
	0.45
	2.71

	Period of pollen storage (P)

	P1 = <12 hour old pollen
	90.88
	83.84

	P2 = 24 hour old pollen
	79.69
	75.12

	P3 = 36 hour old pollen
	66.21
	67.79

	P4 = 48 hour old pollen
	57.71
	55.97

	P5 = 60 hour old pollen
	49.80
	45.15

	P6 = 72 hour old pollen
	43.16
	39.68

	S. Em.±
	0.27
	1.59

	C.D. at 5 %
	0.79
	4.69

	Method of pollen storage (M) x Period of pollen storage (P)

	S. Em.±
	0.38
	2.24

	C.D. at 5 %
	NS
	NS

	C.V. %
	3.47
	6.36
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Fig 1 Pollen viability influence by pollen store under refrigerator condition up to 72 hour
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          Fig 2 Pollen viability influence by pollen store under ambient condition up to 72 hour	Comment by ADMIN: stored
[bookmark: _GoBack]The higher fruit set percentage observed in pollen stored in a refrigerator (M1) compared to ambient storage (M2) can be attributed to the preservation of pollen viability at lower temperatures. Refrigeration helps slow down metabolic processes and reduces the rate of pollen deterioration. Pollen stored under ambient conditions is more susceptible to dehydration and metabolic degradation, which can lead to reduced viability and, consequently, lower fruit set. The negative impact of prolonged storage duration (P5 and P6) on fruit set is consistent with the general understanding that pollen viability decreases over time. As pollen grains age, they become less effective at fertilizing female flowers, resulting in a reduced fruit set. The decline in fruit set with longer storage durations underscores the importance of using freshly collected pollen for effective pollination in brinjal. The observed positive relationship between in vitro germination and in vivo fruit set, as reported in studies such as Ng and Daniel (2000) on yam and Volk (2011) on various plant species, underscores the critical link between the initial stages of pollen development and the ultimate success of fertilization and fruit production in plants. 
Taken together, the agreement between the laboratory viability pattern and the field fruit-set pattern strengthens the practical relevance of short-duration refrigerated storage for the tested brinjal parent, while remaining specific to the experimental conditions and genotype used here. This interpretation is consistent with the broader hybrid-seed literature, where stored pollen is useful only when quality control confirms adequate germination potential at pollination (Dutta, 2025; Langedijk et al., 2023). Future work could strengthen inference by pairing acetocarmine staining with a standardized in vitro germination assay and by evaluating additional brinjal genotypes, because both assay conditions and genotype can influence measured pollen performance (Jayaprakash et al., 2018; Valadares et al., 2019).

Conclusion
In conclusion, the method and period of pollen storage significantly influence the fruit set (%) of brinjal plants. Refrigeration (M1) and shorter storage durations (P1 and P2) are recommended to maintain high pollen viability and, consequently, achieve higher fruit set percentages in brinjal crops. These results contribute to our understanding of the factors affecting reproductive success in brinjal and can guide improved pollination practices in agriculture and breeding programs. This finding has practical implications for plant breeding and hybridization programs in brinjal, where high-quality pollen is essential for successful outcomes. Researchers and breeders are encouraged to adopt this optimal pollen storage approach to enhance their breeding efforts.
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