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Abstract
An account is given of the uses of okra (Abelmoschus esculentus L.) in India and other countries. The chromosome number of okra was found to be 2n = 130. The results are given of studies on the floral structure, opening of the flowers, stigma receptivity, the characters of the stiggma, pollen germination in vitro, pollen germination on the stigmas and pollen tube growth, stigmatic receptivity, mode of pollination, fruit development, diurnal effects on fruit development, and the best time to pick the fruit. Natural cross-pollination varied from 4.0 to 18.75%, the average being 8.75%.	Comment by Mohammed: The abstract does not include all the results obtained from this investigation. It is limited to mentioning only the characteristics studied.	Comment by Mohammed: stigma

Introduction: 
Okra (Abelmoschus esculentus L.) is a mucilagious vegetable crop, which is polyploidy in nature and it belongs to the family malvaceae. Bhendi is an often cross pollinated crop. Cross pollination to an extent of 12 per cent is due to protogyny. i.e. Stigma receptivity comes into effect, 2 hours before anthesis and stays receptive until 3-4 hours after anthesis with varying degree of receptivity (Dhankhar and Mishra, 2005). Stigma receptivity, the ability of the stigma to support pollen germination and tube growth, depends on a complex interplay of factors, including the age of the flower, environmental conditions like temperature and humidity, and the genetic makeup of the plant. Stigma receptivity refers to the period when a plant's stigma is able to successfully receive the pollen and devolop into pollen tube if pollen is viable leading to succesful pollination and germination. Magnitude and length of Stigma receptivity is affected by factors like flower age, temperature, stigmatic exudates, environmental conditions, cultivar differences, and pollination methods. Some study's findings imply that specific enzymes on the stigma surface, active 2-4 days after blooming, may influence pollen tube growth and stigma receptivity, ultimately enhancing seed set.(Ramwant et al., 2015). Though bhendi is generally a self pollinayed crop, presence of attractive golden yellow flowers and nectaries attract insect pollinators resulting in some degree of cross pollination (19–42%) (Subbanna et al. 2024). The evaluation of stigmatic receptivity carries heavy significance as it directly impacts key characteristics such as: Crossed fruits retained per plant, fruit set percentage, fruit weight, fruit length, fruit girth, and seed weight, number of seeds per fruit, Hameed, S. S. (2016), which are the ultimate end products of the hybrid production. By understanding stigmatic receptivity, breeders can optimize pollination and fertilization processes, leading to improved fruit quality and yield, which are the ultimate indicators of successful hybrid seed production. 	Comment by Mohammed: Italic	Comment by Mohammed: is a mucilaginous vegetable crop that is polyploid, and it belongs to the family Malvaceae. Bhendi is an often cross-pollinated crop. Cross-pollination to an extent of 12 per cent is due to protogyny. i.e.,	Comment by Mohammed: degrees	Comment by Mohammed: stigma can successfully receive the pollen and develop into a pollen tube if the pollen is viable, leading to successful pollination	Comment by Mohammed: are	Comment by Mohammed: studies'	Comment by Mohammed: a self-pollinated crop, the presence of attractive golden-yellow flowers and nectaries attracts insect pollinators, resulting in some degree of cross-pollination	Comment by Mohammed: Please include the purpose of the research at the end of the introduction.
Methods to evaluate stigma receptivity: 
The receptivity can be determined based on its morphological changes, rate of pollen germination upon pollination, and enzymatic activity evaluation using staining method    (Zulkarnain et al., 2019). The receptivity of stigmas are characterized by assaying the activity of several enzymes, such as peroxidase, esterase, alcohol dehydrogenase, and acid phosphatase, studied in different species. (Rao et al., 1992). 	Comment by Mohammed: a staining	Comment by Mohammed: is
In alcohol dehydrogenase test, the stigma gives violet stain with Baker's solution, however the peroxidase enzyme of stigma releases the oxygen with hydrogen peroxide water treatment. Here are some common methods to assess stigma receptivity, along with notable researchers who have contributed to the development of these methods including Valentin‐Silva et al 2015, Singh et al., 2022, Subbanna et al., 2024.These researchers have helped advance our understanding of stigma receptivity and its importance in plant reproduction. 	Comment by Mohammed: In the alcohol dehydrogenase test, the stigma gives a violet stain with Baker's solution; however, the peroxidase enzyme of the stigma releases oxygen	Comment by Mohammed: contributed to the development of these methods, including Valentin‐Silva et al. (2015), Singh et al. (2022), and Subbanna et al. (2024). These

Evaluation through pollination done on different days after emasculation: 
In the experiment conducted by  Sruthi et al. 2020 using JOL-2K-19 as male parent and JF – 55 at Junagadh  situated at 21.5ºN latitude and 70.5ºE longitude with an altitude of 60 meters. The stigma receptivity study through Factorial randomized block design in black soil consisted of three treatments: Pollination on the same day as emasculation (no stigma starvation), Pollination one day after emasculation, Pollination two days after emasculation. Field Setup was such that the male and female parent seeds were sown in the main field with a spacing of 60 x 30 cm, and a 5-meter distance was maintained between the male and female blocks. This study concluded that stigma becomes fully receptive on the same day of emasculation. In the investigation, it was found that stigma receptivity is at its maximum as reflected by the maximum fruit set, was observed in pollination was done on same day of emasculation for female parent and there after declined, beyond which stigma was found to be either non receptive or less receptive in most of the observations.  	Comment by Mohammed: as the male parent and JF–55 at Junagadh situated	Comment by Mohammed: which was observed in pollination done on the same day of emasculation for the female parent, and thereafter declined,	Comment by Mohammed: non-receptive
In the study conducted by Singh et al., 2022, it was found that there was an 8% increase in fruit set when pollination was done on same day as emasculation rather than a day before the day of emasculation. (Singh et al., 2022).	Comment by Mohammed: Singh et al. (2022)	Comment by Mohammed: the same
Field experiments were conducted during the 2008 kharif season to investigate stigma receptivity, optimal bud size, and pollination frequency for hybrid seed production in bhendi, utilizing Arka Abhay as the male parent and Arka Anamika as the female parent. Notably, pollination on the day of emasculation yielded higher fruit set (39.91%), seed yield per plant (28.65%), and field emergence (83.75%). 
It was also found that the flower buds open more than 50%, played a role in successful pollination and seed production. Furthermore, single pollination during 8:00-10:00 a.m. was found to be more effective than multiple pollinations. Singh et al., 2010	Comment by Mohammed: which played
 

Evaluation of Stigma receptivity through pollination conducted at different time frames and temperatures  
In the experiments conducted at K. R. C. College of Horticulture to determine peak stigmatic receptivity of Arka anamika, on same day after emasculation, but at different timeframes and different temperatures, and relative humidity. (Sharma et al., 2017) The study concluded that stigma becomes fully receptive on the same day of emasculation. 	Comment by Mohammed: the same
 The pollination conducted at 9.00 am to 12.00 noon on same day after emasculation with temperature of 22-23.24º C, 70% RH produced highest number of hybrid seeds per fruit , seed quality parameters such as germination, seedling shoot length, seedling root length, seedling vigour index, and seedling dry weight. The stigma receptivity is found to be at peak level on day of anthesis. Elevated temperatures had no significant effect on stigma receptivity Singh (2010), and Sharma et al., 2017.  	Comment by Mohammed: the same day after emasculation with a temperature of 22-23.24ºC, 70% RH produced the highest number of hybrid seeds per fruit,	Comment by Mohammed: a peak level on the day	Comment by Mohammed: . (2017)
Evaluation through h2o2 method at varying temperatures: 
In the method of Silva et al. 2013 and Negi et al 2020), Stigma receptivity was assessed in 40 flowers across all replicates. The process involved: Preparation: Emasculation of flowers one day before anthesis and Bagging to prevent unwanted pollination. Assessment which involve harvest of emasculated flowers, the next morning and Incubated at varying temperatures (25, 30, 35, or 40°C) for 2 hours.	Comment by Mohammed: Assessment, which involves	Comment by Mohammed: morning, and incubation
Testing Receptivity: Stigma surface was cut with a razor blade, and then 6% hydrogen peroxide solution (H2O2) was applied. Bubble formation within 2-3 minutes indicated receptivity. This study was concluded with the statement that Elevated temperatures had no impact on stigma receptivity because all the flowers were fully receptive, with the percentage of about 91, 91, and 90% for 25, 30, 35, and 40°C, respectively.  	Comment by Mohammed: The Stigma
In the study conducted by (Subbanna et al. 2024) to determine the time of highest stigma receptivity, the hydrogen peroxide method, as described by Paschapur et al., 2022, was used. Here 30 freshly opened flowers were collected from the field at five different time intervals of 7:00-9:00 am,  9.00-11:00 am, 11:00 am-1:00 pm, 1:00-3:00 pm, 3:00-5:00 pm and were transported to laboratory under aseptic condition and the hydrogen peroxide  (H2O2) method proposed by Bharathi et al., 2024 was followed, where one drop of 6%  H2O2 solution was spread over the stigma and incubated for 15min and those releasing bubbles were considered to be receptive. They process was repeated for five consecutive days during peak flowering, and it was found that the stigma receptivity was at its highest for the flowers collected between 7:00-9:00 am. 	Comment by Mohammed: Subbanna et al. (2024)	Comment by Mohammed: et al. (2022)	Comment by Mohammed: The process
Effect of air temperature
To investigate the impact of daily maximum and minimum air temperatures on the study, 20 palm trees were utilized. From each of these selected palm trees, three female spathes of roughly similar sizes were chosen. The pollination process exclusively utilized pollen grains from a single male palm. Throughout the pollination period, temperature measurements were recorded at 5-h intervals using a data logger. The data logger was strategically positioned in the central area of the palm grove, positioned at a height of 2 m above ground level. The recorded results were stored in various file formats, including TEXT, EXCEL, or BITMAP, as well as in graphical representations. We specifically extracted and analyzed the minimum and maximum temperature values corresponding to the day of pollination for the 20 palm trees. The average maximum and minimum temperatures during the pollination period have been 32.9 and 6.9°C, respectively. Ten weeks following the pollination process, we proceeded to assess the percentage of fruitlets that were classified into four categories: normal, parthenocarpic, aborted, and non-developed.
Factors affecting stigma receptivity
Temperature:
High temperatures can reduce stigma receptivity, potentially shortening the period during which pollination is successful. Conversely, low temperatures can also negatively impact pollen tube growth and fertilization.
Time after anthesis:
Stigma receptivity typically peaks within a specific timeframe after flower opening and then declines. The duration of this period varies among different plant species.



Flower age:
Stigma receptivity is often linked to the developmental stage of the flower. Some flowers may be receptive before full opening, while others require a specific time after anthesis to reach peak receptivity.
Biochemical changes:
Enzymes on the stigma surface play a crucial role in pollen germination and tube growth. Changes in enzyme activity, such as peroxidase and catalase, can indicate stigma receptivity. 
Evaluation methods:
Qualitative estimation:
Examining the stigma surface under a magnifier for signs of secretion or pollen adhesion and germination.
Quantitative determination:
Measuring enzyme activity (e.g., esterases, peroxidases, catalases) using techniques like UV-Vis spectrophotometry.
Pollen tube growth:
Assessing pollen tube growth through the style using microscopy after controlled pollination.
Fruit set:
Measuring the percentage of flowers that successfully develop into fruits after pollination as an indicator of stigma receptivity.
Examples in different crops:
Allium cepa (Onion):
Stigma receptivity is influenced by temperature, with 35°C being optimal for pollen tube growth in some onion lines.
Lilium (Lily):
Stigma receptivity can last for several days, with peak receptivity occurring within the first few days after anthesis.


Indian mustard, Rice, and Wheat:
Biochemical tests for enzymes like alcohol dehydrogenase and hydrogen peroxide can indicate stigma receptivity, with peak receptivity often observed 2-4 days after.
Prunus avium (Sweet Cherry):
High temperatures can reduce stigmatic receptivity, affecting pollen adhesion, germination, and tube penetration.
Lagerstroemia indica (Crape Myrtle):
Stigma receptivity can be sustained for up to eight days, with a gradual decline in receptivity over time.
Melaleuca alternifolia (Tea Tree):
Stigma receptivity begins on the first day after anthesis and peaks between days 3 and 6.
Prospective future directions
1. Exploring different cultivars: One important avenue for future research is to investigate the effect of delaying pollination on various cultivars of the same plant species. Different cultivars may have varying responses to delayed pollination, and understanding these differences can provide valuable insights for cultivar selection in agriculture.
2. Geographical variability: Extending the study to different localities and climates is essential. Environmental conditions, including temperature, humidity, and sunlight, can vary significantly between regions. Conducting experiments in diverse geographic locations can help determine whether the optimal delay in pollination is consistent across different environments or if adjustments are needed based on local conditions.
3. Temperature thresholds: Further research should delve into the specific temperature requirements for pollen germination in the studied species. Investigating the temperature ranges and optima for pollen germination can lead to a more precise understanding of how temperature influences successful fertilization. This knowledge can be critical for optimizing cultivation practices in regions with varying temperature profiles.
4. Environmental stressors: Assessing the impact of environmental stressors, such as drought, extreme temperatures, or soil conditions, on delayed pollination and fruit set can be an intriguing avenue. Understanding how plants adapt to and cope with stressors during their reproductive phase can have practical implications for sustainable agriculture in challenging environments like the Figuig Oasis.
5. Molecular and genetic studies: Conducting molecular and genetic studies can help uncover the underlying mechanisms that enable plants to adjust their reproductive responses to changing environmental conditions. This could involve identifying specific genes or pathways involved in the regulation of delayed pollination and fruit set.
6. Conservation and sustainability: Applying the findings from these studies to practical agriculture and conservation efforts is crucial. Researchers should work alongside farmers and local communities to develop sustainable cultivation practices that maximize fruit set and yield while preserving the natural environment and biodiversity of the area.
7. Climate change adaptation: Given the ongoing changes in global climate patterns, it is essential to investigate how changing climates may affect the suitability of delayed pollination as a cultivation technique. This could involve modeling the impact of future climate scenarios on fruit production and adapting agricultural practices accordingly.

Results and discussion: 
The various studies conducted by Sruthi et al. 2020, Rao et al., 1992,  Silva et al. 2013 and Negi et al 2020, Zulkarnain et al., 2019. Presented similar concluded statements. The summary of findings are that the maximum stigmatic receptivity can be reached when pollination is done on the same day of emasculation. For efficient pollination and fruit set, stigma receptivity and pollen germination should occur simultaneously. Peak stigma receptivity is seen between 7.00 – 9.00 h. The stigma receptivity declined up to two day after emasculation beyond which stigma was found to be either less receptive or non-receptive in most of the observations. Number of crossed fruits retained per plant, fruit set percentage , fruit weight per plant , fruit length , fruit girth , hybrid seed weight per fruit , number of seeds per fruit, seed yield per plant  and 100 seed weight were maximum, when pollination was done on same day of emasculation. Seed produced from same-day pollination after emasculation exhibited superior quality, with significantly higher seed germination (86.02%), longer seedling shoot length (15.11 cm), greater seedling root length (8.81 cm), and increased seedling dry weight (29.08 mg) compared to pollination one or two days after emasculation. This improvement was attributed to the higher seed weight (6.21 g) and larger seed size obtained from same-day pollination (Sruthi et al, 2020). 	Comment by Mohammed: The various studies conducted by Sruthi et al. 2020, Rao et al. (1992),  Silva et al. (2013), Negi et al. (2020), and Zulkarnain et al. (2019).	Comment by Mohammed: Findings summarize that the maximum stigmatic receptivity can be reached when pollination is done on the same day of emasculation.	Comment by Mohammed: two days after emasculation,	Comment by Mohammed: Number of crossed fruits retained per plant, fruit set percentage, fruit weight per plant, fruit length, fruit girth, hybrid seed weight per fruit, number of seeds per fruit, seed yield per plant, and 100 seed weight were maximum	Comment by Mohammed: the same
Singh, 2010, Sharma et al., 2017 study revealed a surprising result that pollination on the day before anthesis yielded a higher number of flowers crossed per plant compared to pollination on the day of emasculation. 	Comment by Mohammed: Singh (2010) and Sharma et al. (2017) study
In the study it was also found that bud size, particularly flower buds open more than 50%, played a role in successful pollination and seed production. Furthermore, single pollination during the optimal morning hours (8:00-10:00 a.m.) was found to be more effective than multiple pollinations. These findings suggest that timing and bud size are crucial factors in achieving optimal hybrid seed production (Singh, 2010). 

A study conducted during kharif seasons of 2021 and 2022 at Research Farm ICAR-Vivekananda Parvatiya Krishi Anusandhan  Sansthan, Uttarakhand.  revealed that stigma receptivity in okra varied significantly across different time intervals. Peak pollen germination percentages of 81.75±4.57% (2021) and 85.25±5.32% (2022) were recorded between 9:00-11:00 hours. However, the highest stigma receptivity and pollen germination were observed between 7:009:00 hours, aligning with previous studies  Sruthi et al., 2020. As the day progressed, both stigma receptivity and pollen germination declined substantially, with the lowest values recorded between 15:00-17:00 hours (7.75±1.71% in 2021 and 9.50±1.29% in 2022). The study highlights the importance of synchronizing stigma receptivity and pollen germination for efficient pollination and fruit set in okra, Sruthi et al. 2020, Rao et al., 1992,  Silva et al. 2013 and Negi et al 2020, Zulkarnain et al., 2019.	Comment by Mohammed: the kharif	Comment by Mohammed: (Sruthi et al., 2020; Rao et al., 1992; Silva et al., 2013; Negi et al., 2020; Zulkarnain et al., 2019).



References: 
1. Dhankhar, B. S., & Mishra, J. P. (2005). Germplasm Introduction in Tropical and Sub-tropical Vegetables in South Asia-Achievements and Opportunities. Indian Journal of Plant Genetic Resources, 18(1), 20-21.
2. Ramwant Gupta, R. G., Hrishikesh Sutradhar, H. S., Chakrabarty, S. K., Ansari, M. W., & Yogendra Singh, Y. S. (2015). Stigmatic receptivity determines the seed set in Indian mustard, rice and wheat crops.
3. Subbanna, A. R. N. S., PASCHAPUR, A. U., Bhat, S., Chaudhari, G., Dev, R., HEDAU, N. K., ... & Kant, L. (2024). Effect of insect pollinators on quantitative yield parameters of okra (Abelmoschus esculentus) in mid-Himalayan region. The Indian Journal of Agricultural Sciences, 94(12), 1349-1353.
4. Hameed, S. S. (2016). Artificial pollination and fruit set in double coconut growing in India. Current Science, 110(6), 976-978.
5. Zulkarnain, Z., Eliyanti, E., & Swari, E. I. (2019). Pollen viability and stigma receptivity in Swainsona formosa (G. Don) J. Thompson (Fabaceae), an ornamental legume native to Australia. Ornamental Horticulture, 25(2), 158-167.
6. Rao, G. U., Jain, A., & Shivanna, K. R. (1992). Effects of high temperature stress on Brassica pollen: viability, germination and ability to set fruits and seeds. Annals of botany, 69(3), 193-198.
7. Valentin‐Silva, A., Coelho, V. P. D. M., Ventrella, M. C., & Vieira, M. F. (2015). Timing of pollen release and stigma receptivity period of Piper vicosanum: New insights into sexual reproduction of the genus. American Journal of Botany, 102(4), 626-633.
8. Singh, S., Chand, N. S., Gupta, R., & Khan, B. R. (2022). Elevated temperature disrupts pollen-pistil dynamics and seed set in okra (Abelmoschus esculentus l. moench). Indian Journal of Plant Genetic Resources, 35(02), 224-232.
9. Subbanna, A. R. N. S., PASCHAPUR, A. U., Bhat, S., Chaudhari, G., Dev, R., HEDAU, N. K., ... & Kant, L. (2024). Effect of insect pollinators on quantitative yield parameters of okra (Abelmoschus esculentus) in mid-Himalayan region. The Indian Journal of Agricultural Sciences, 94(12), 1349-1353.	Comment by Mohammed: replicate
10. Sruthi, K., Divya, B., Senguttuvel, P., Revathi, P., Kemparaju, K. B., Koteswararao, P., ... & Hari Prasad, A. S. (2020). Evaluation of genetic diversity of parental lines for development of heterotic groups in hybrid rice (Oryza sativa L.). Journal of Plant Biochemistry and Biotechnology, 29(2), 236-252.
11. Singh, S., Singh, A. K., Joshi, H. K., Lata, K., Sisodia, P. S., & Bagle, B. G. (2010). Floral biology studies in Bhuchanania under semi-arid ecosystem of western India. Indian Journal of Horticulture, 67(2), 161-168.
12. Sharma, P., Kumari, M., & Kumar, P. (2017). Studies on stigma receptivity and fruit load for hybrid seed production in tomato (Solanum lycopersicum L.) under protected environment. Himachal Journal of Agricultural Research, 44-47.
13. Silva, L. A. C., Pagliarini, M. S., Santos, S. A., & Valle, C. B. (2013). Stigma receptivity, mode of reproduction, and mating system in Mesosetum chaseae Luces (Poaceae), a native grass of the Brazilian Pantanal. Genetics and Molecular Research, 12(4), 5038-5045.
14. Negi, N., Sharma, A., Chadha, S., Sharma, P. C., Sharma, P., Thakur, M., & Kaur, M. (2020). Role of pollinators in vegetable seed production. Journal of Entomology and Zoology Studies, 8(5), 417-22.
15. Subbanna, A. R. N. S., PASCHAPUR, A. U., Bhat, S., Chaudhari, G., Dev, R., HEDAU, N. K., ... & Kant, L. (2024). Effect of insect pollinators on quantitative yield parameters of okra (Abelmoschus esculentus) in mid-Himalayan region. The Indian Journal of Agricultural Sciences, 94(12), 1349-1353.	Comment by Mohammed: Replicate
16. Paschapur, A. U., Bhat, S., Subbanna, A. R. N. S., Hedau, N. K., Mishra, K. K., & Kant, L. (2022). Insect pollinators of eggplant (Solanum melongena L.) in the Indian Himalayas and their role in enhancement of fruit quality and yield. Arthropod-Plant Interactions, 16(3), 349-360.
17. Bharathi, T. U., Lallawmzuali, R., & Kirthishree, S. P. (2024). Diversity in flower morphology of the single-type tuberose (Agave amica (Medik.) Thiede & Govaerts). Genetic Resources and Crop Evolution, 71(8), 4239-4254.

Table 1. Effect of emasculation and pollination time on various quality parameters in Bhendi.
	 Pollination time
	Fruit set %
	Average fruit weight  
	Fruit yield per plant
	Seed yield per plant (Pods)
	Average seed weight per plant
	Seed set %
	1000 seed weight
	Seed germination %

	P1
	75.08
	21.89
	377.12
	35.43
	4.12
	80.45
	78.90
	90.45

	P2
	70.45
	19.45
	312.45
	30.89
	3.98
	78.45
	76.54
	88.32

	P3
	65.32
	17.65
	280.76
	29.08
	3.65
	75.98
	76.09
	87.43

	P4
	40.56
	15.67
	250.43
	28.76
	2.97
	70.43
	74.67
	85.32

	SEm(±)
	0.13
	0.42
	6.44
	0.31
	0.01
	0.05
	0.12
	1.9

	CD
	0.8
	0.7
	16.89
	0.50
	0.03
	0.45
	0.34
	1.8



 P1 – Pollination done between 7.30 am to 8.30
 P1 – Pollination done between 8.30 am to 9.30
 P1 – Pollination done between 9.30 am to 10.30
 P1 – Pollination done between 10.30 am to 11.30



