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			Abstract | This study aimed to identify the most suitable Mirabilis jalapa L. varieties for improving plant growth, flower yield, and quality under the agroclimatic conditions of Ghazi Umara Khan Degree College, Samarbagh, Dir Lower. The experiment was conducted from December to April 2020–2021 at the Research Field, Department of Botany, Ghazi Umara Khan Degree College. Using a Randomized Block Design, 15 varieties were tested with three replications. The results revealed significant variation among the 15 varieties across all observed parameters. Notably, the Non-pinch Non-stick variety exhibited the best performance in terms of height (34.77 cm), plant spread (22.90 cm²), average flower weight (11.4 gm), flower yield per plant (134.15 gm), and shelf life (12 days). The Vijay variety showed early flower bud initiation, completing this phase in just 38 days, followed by Non-pinch Non-stick (42.47 days). However, Vijay required fewer days to flower (54 days), whereas Non-pinch Non-stick took longer (59.7 days). Additionally, Pink Princess demonstrated strong performance in multiple parameters, including the number of primary branches (13.7), number of leaves (84.44), number of flower buds (44.00), and number of flowers per plant (28.00), performing similarly to C₂₆ and Scarleteer. Based on these findings, Non-Pinch Non-stick and Pink Princess are recommended for cultivation at Ghazi Umara Khan Degree College, Samarbagh, Dir Lower, due to their outstanding growth and flowering traits. It is recommended that these varieties be prioritized by local growers to maximize flower yield and quality.
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			Introduction 

			Mirabilis jalapa L. is a well-known ornamental horticultural plant and a commercially important flower crop (Manan et al., 2025). Mirabilis jalapa L. of the Nyctaginaceae family is a highly attractive and charming flowering plant with over 2000 varieties in the world (Joshi et al., 2010). The word chrysanthemum is derived from the Greek Mirabilis, which in Latin means wonderful, and Jalapa (or Xalapa) is the state capital of Veracruz in México (Irshad et al., 2025). Mirabilis jalapa is grown in pots or as cut flowers, and its success is primarily due to the wide variety of cultivars available (Jamal-Uddin et al., 2015). Mirabilis jalapa is believed to be native to the northern hemisphere, chiefly Europe and Asia, and is believed to have originated from China. (Bose et al., 2002; Ullah et al., 2025a). It is also known as four-o’clock, also called marvel-of-Peru, or beauty-of-the-night (Mirabilis jalapa) ornamental perennial plant of the family Nyctaginaceae, native to tropical America (Ullah et al., 2025b). Four-o’clock is a quick-growing species up to one meter (three feet) tall, with oval leaves on short leafstalks (Ullah et al., 2025c). The Autumn Queen, or the Queen of the East (Koley and Sarkar, 2013). 

			It is commercially grown in various parts of the world (Asif et al., 2025). The Netherlands, Italy, Colombia, Spain, Germany, and the United States are the most important countries where it is primarily grown in greenhouses (Ullah et al., 2024b). Japan is the world’s leading producer of Mirabilis jalapa (Khan et al., 2024). It is the most important commercial flower crop grown in the Netherlands and Germany as a spray or cut flower, and as a potted plant in America (Ullah et al., 2024a). Mirabilis jalapa is a symbol of ‘Royalty’ in Japan, and it is also the national flower of Japan. (A glimpse of floriculture and landscaping) (Ullah et al., 2023a). The year 1995-1996 was celebrated as the “International Year of Mirabilis jalapa” (Shakir et al., 2023a). In the global flower market, chrysanthemum is the second largest cut flower after roses, and holds the fifth rank as a pot plant (Bhattacharjee and De, 2003; Shakir et al., 2023b). 

			Mirabilis jalapa is a photosensitive crop, requiring long days for vegetative growth and short days for flowering (Ullah et al., 2018h). Mirabilis jalapa is a short-day plant that fails to form flower buds if the day length exceeds 14.5 hours and fails to develop buds if the day length exceeds 13.5 hours; except for certain early flowering cultivars, the plant requires longer days for proper vegetative growth (Ullah et al., 2018a). Mirabilis jalapa is divided into two types: large-flowered (standard) and small-flowered (spray type) (Ullah et al., 2019c). Large-flowered Mirabilis jalapa with long, sturdy stems and excellent keeping quality, making them ideal for flower arrangements, cut flower production, and as a potted flowering plant for exhibition and decoration (Ullah et al., 2018a). Extra-large bloomed cultivars are grown for exhibition value, bouquets, vases, and so on, whereas small-flowered cultivars are grown primarily for loose flowers (Ullah et al., 2018b). 

			The variations among Mirabilis jalapa varieties are large in response to the environment, particularly temperature, and the interaction between temperature and cultivar occurs for every developmental trait. (Srilatha et al., 2015). Therefore, varietal evaluation became necessary to identify the best variety for the specific region (Khan et al., 2018). The performance of any crop or variety is heavily influenced by the interaction of genotype and environment. As a result, varieties that thrive in one region may not thrive in other regions with varying climatic conditions. As a result, new genotypes must be evaluated for quality traits under varying climatic conditions. The objectives of the current research were to evaluate the growth performance of different Mirabilis jalapa varieties under the agro-climatic conditions of Ghazi Umara Khan Degree College, Samarbagh (Dir Lower). To assess the flowering characteristics and yield of various Mirabilis jalapa. varieties, including parameters such as flower weight, number of flowers, and flowering duration. To identify the most suitable varieties of Mirabilis jalapa. for cultivation in the region based on overall growth, flowering performance, and quality traits.

			Materials and Methods

			Experimental site

			The study on the performance of different Mirabilis jalapa L. varieties under agro-climatic conditions was carried out at Ghazi Umara Khan Degree College, Samarbagh, Dir Lower, to identify the best-performing varieties for this region. The experimental site is located at a longitude of 81.84º East and latitude of 25.41º North, with an altitude of 98 meters above mean sea level (Ullah et al., 2018g).

			Climate and weather

			The study site lies within agro-climatic zone V, also known as the “middle Gangetic plains” (Khan et al., 2018a; Ullah et al., 2018g). The area has a typical subtropical climate with extremes of summer and winter. Maximum temperatures reach 46–48°C during summer and rarely drop to 4–5°C in winter. The average annual rainfall is approximately 1030 mm, mostly concentrated between July and September, with occasional showers in winter (Ullah et al., 2018c).

			Plant material and experimental design

			Fifteen Mirabilis jalapa varieties were tested: Non-pinch Nonstick, Loyality, C₅₂, Dark Eyes, Autumn, C₂₆, Brisa, Scarleteer, Pink Princess, Yellow Lilliput, Peet, Vijay, Swetha Singar, White Bonsai, and Wall Street. The experiment was laid out in a Randomized Block Design (RBD) with 15 treatments, each replicated three times (Ullah et al., 2021). Rooted terminal cuttings at the 4th leaf stage were transplanted at a spacing of 35 × 35 cm.

			Data collection

			Vegetative parameters measured included plant height, plant spread, number of branches, and number of leaves (Ullah et al., 2019b).

			Statistical analysis

			Data were subjected to analysis of variance (ANOVA). Differences among treatment means were compared using the least significant difference (LSD) test at a 5% probability level. Statistical analysis was performed using R software version 3.4.

			Results and Discussion 

			Growth parameter

			Plant height (cm): Growth parameters measured in terms of Plant height (cm), Number of branches per plant, Plant spread (cm²), and Number of leaves per plant at 32, 62, and 92 days after transplanting in Figure 1. The plant height of Mirabilis jalapa showed statistically significant variation among 15 varieties at 32, 62, and 92 days after transplanting in Figure 1. The range of plant height was from 35.77 to 13.44 cm. The tallest plant was found in V₁ Non pinch Nonstick (35.77 cm), followed by V₈ Scarleteer (28.67 cm), whereas the lowest plant height was recorded in V₁₀ Yellow Lilliput (13.44 cm). The difference in plant height may be due to the varietal character and vigor of the genotypes under study. Similar results were recorded in Mirabilis jalapa by Singh et al. (2017). 
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			Figure 1: Performance of different varieties of Mirabilis jalapa for plant height (cm).

			Number of branches per plant

			The number of branches per plant was high in Pink Princess (13.77), followed by V₁₁ Peet (10.55), whereas the lowest number of branches was found in V₂ Loyality (5), as shown in Figure 2. Variation in growth parameters among the cultivars of Mirabilis jalapa might be due to the genetic makeup of the cultivars having different capacities for storing reserve food materials, resulting in plant vigour. Similar results were reported by Laxmi et al. (2008), who found that genetic differences between varieties lead to varied growth responses, influencing traits like branching, height, and yield. Furthermore, environmental factors such as soil type, water availability, and nutrient levels can also contribute to the observed differences in growth patterns. The genetic variation observed among cultivars in this study highlights the importance of selecting appropriate varieties that match the environmental conditions to optimize growth and yield.
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			Figure 2: Performance of different varieties of Mirabilis jalapa for the number of branches per.

			Plant spread

			The range of plant spread was from 25.67 cm² to 13.41 cm². The highest plant spread was found in Pink Princess (25.67 cm²), followed by V₈ Scarleteer (23.83cm²), whereas the lowest was found in V₁₀ Yellow Lilliput (13.41 cm²) (Ullah et al., 2018e). Plant spread differed significantly among all the cultivars, which might be due to the genetic makeup of the varieties and the development of more secondary branches in the cultivars, thereby increasing the plant spread. Similar results observed significant variation in plant spread among different cultivars of Mirabilis Jalapa, linked to genetic factors influencing branch development (Ullah et al., 2018d). These differences in plant spread are crucial for assessing the potential of each cultivar in ornamental and agricultural applications. As shown in Figure 3, the diversity in plant spread across cultivars underscores the importance of selecting varieties based on the desired growth characteristics.
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			Figure 3: Performance of different varieties of Mirabilis jalapa plants spread.

			Number of leaves per plant

			The number of leaves per plant was high in Pink Princess (83.44), followed by V₄ Dark Eyes (34.11), and the lowest number of leaves was found in the variety V₁₀ Yellow Lilliput (27.11). The variation in the number of leaves per plant among cultivars could be attributed to the rate of vegetative growth, which is influenced by both genetic makeup and agro-climatic conditions (Saifullah et al., 2025). The genetic makeup of each cultivar governs its ability to produce leaves, while external factors such as temperature, soil quality, water availability, and light intensity can further modulate this growth. Ona et al. (2015) reported similar varietal evaluation results for the number of leaves in chrysanthemum, where the number of leaves was found to vary significantly among cultivars, influenced by both genetic and environmental factors. The findings in this study suggest that the selection of Mirabilis jalapa L. cultivars with higher leaf production may be ideal for maximizing ornamental appeal and increasing photosynthetic efficiency (Ullah et al., 2019a). As shown in Figure 4, the variability in the number of leaves highlights the importance of cultivar selection based on growth characteristics. This continuation expands on the genetic and environmental factors that contribute to the variation in the number of leaves per plant, providing a clear connection to the findings by Ona et al. (2015) in chrysanthemum. It also ties the discussion to the ornamental and photosynthetic benefits of selecting high-leaf-producing cultivars (Khan et al., 2018b).
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			Figure 4: Performance of different varieties of Mirabilis jalapa leaves of the plant. 

			Flowering parameters

			Days taken to the first flower bud appearance: Significant variation was found (visual observation) among 15 Mirabilis jalapa cultivars for the number of days to the emergence of the flower bud (from days after transplantation of Mirabilis Jalapa). Late flower bud initiation was found in V₆ C₂₆ (64.6 days), while earlier bud emergence was found in V₁₂ Vijay (38 days), as shown in Figure 5. This finding indicates that V₁₂ Vijay (38 days) was an early flower bud cultivar, followed by Scarleteer V₈ (40.4 days). The number of days required for the first bud emergence differed significantly among all the cultivars under study. The cultivar being an early bloomer or late bloomer seems to be an inherent varietal characteristic and is influenced by the genetic nature of the plant. Mikato et al. (2017) reported similar results in Mirabilis Jalapa, where significant variation in flowering time was observed across different cultivars, and the genetic factors played a crucial role in determining whether a cultivar was an early or late bloomer. These findings suggest that the selection of cultivars based on flowering time could be crucial for optimizing growth cycles and ornamental use, especially when aligning with specific seasonal demands.

			[image: ]

			Figure 5: Performance of different varieties of Mirabilis jalapa, days taken to the first flower bud appearance.

			Number of flowers per bud

			Significant differences were observed for the cumulative number of flower buds per plant in Mirabilis jalapa cultivars at 30, 60, and 90 DAT, as shown in Figure 6. The maximum cumulative number of flower buds was found in V₉ Pink Princess (44.3 buds), while the minimum was found in V₇ Brisa (8.33 buds), as depicted in Figure 6. This variation in the number of flower buds per plant can be attributed to both genetic factors and environmental conditions that influence bud formation. Pink Princess, with its higher flower bud count, likely exhibits a superior genetic predisposition for bud initiation and retention, while Brisa may have a lower genetic capacity for bud production, or other factors such as nutrient availability, temperature, or water stress may have limited its potential. The findings underscore the importance of genetic traits in determining the flower bud production capacity in Mirabilis jalapa and similar species. This result is consistent with previous studies, which have shown that genetic differences among cultivars can significantly impact flower bud formation, leading to diverse outcomes in terms of yield potential and flowering behavior.

			Number of days taken to 1st flowering

			Significant variation was found among the cultivars of Mirabilis Jalapa, with the maximum time required for flower initiation being 55.55 days and the minimum being 94.2 days, as shown in Figure 7. This finding indicates that V₁₂ Vijay (55.5 days) was an early-flowering cultivar, followed by V₅ Autumn (56.44 days). In contrast, late flowering was observed in V₃ C26 (94 days) and V₇ Brisa (93 days). The variation in flowering time can be attributed to the genetic diversity among the cultivars, with some varieties being genetically predisposed to flower earlier, while others require more time for bud initiation. The results suggest that V₁₂ Vijay and V₅ Autumn are more suitable for growers seeking earlier blooms, whereas V₃ C26 and V₇ Brisa may be better suited for environments where longer flowering times are desired. Such variation in flowering time is important for selecting the right cultivars for specific ornamental or agricultural needs. These findings are in line with similar studies on Mirabilis Jalapa, where the flowering time varied significantly between cultivars, as highlighted in the research by Laxmi et al. (2008).
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			Figure 6: Performance of different varieties of Mirabilis jalapa, number of flower buds.
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			Figure 7: Performance of different varieties of Mirabilis jalapa, number of days taken to 1st flowering.

			Number of flowers per plant

			Significant variation was recorded among Mirabilis jalapa cultivars’ performance with respect to the number of flowers per plant. The maximum number of flowers was found in V₉ Pink Princess (34), followed by V₁₅ Wall Street (25) and V₈ Scarleteer (22), whereas the minimum was recorded in V₁₀ Yellow Lilliput (11), Brisa V₇ (12), and V₅ Autumn (12), as shown in Figure 8. There was a significant difference in the number of flowers per plant, which can be attributed to both genetic and environmental factors. Cultivars like Pink Princess exhibited a superior genetic potential for flower production, possibly due to enhanced flower bud initiation and retention, while varieties like Yellow Lilliput, Brisa, and Autumn showed a lower flower yield, potentially due to their genetic characteristics or limiting environmental factors. This variation in flower production underscores the importance of cultivar selection for specific goals, such as ornamental purposes or yield maximization. Similar findings were reported by Laxmi et al. (2008), where flower production varied significantly among different cultivars of Mirabilis jalapa.
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			Figure 8: Performance of different varieties of Mirabilis jalapa L. number of flowers per plant.

			Higher yield

			Higher yield may be due to an increase in morphological parameters such as plant height, number of leaves, and leaf area, which likely contributed to the production of more photosynthesis. This increased photosynthetic activity results in greater accumulation of dry matter, which in turn leads to the production of more flowers per plant (Khan et al., 2025). The observed differences in flower yield among cultivars could be attributed to the genetic makeup of each variety, influencing their growth patterns and overall vigor. Cultivars with superior morphological characteristics are often better at harnessing available resources for enhanced growth, leading to higher flower production. This difference in yield and growth characteristics might be influenced by genetic traits that determine the plant’s capacity for vegetative growth and flower formation. Similar results were recorded in chrysanthemum by Thiripurasundari et al. (2021), where increased vegetative growth and leaf area were correlated with higher flower yields. These findings are illustrated in Figure 9, which showcases the relationship between growth parameters and flower production.
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			Figure 9: Performance of different varieties of Mirabilis jalapa flower yield per plant.

			Average flower weight

			Significant variation was found among the cultivars’ performance with respect to the average flower weight. The highest was recorded in V₁ Non pinch Nonstick (11.4 gm), followed by V₆ C₂₆ (3.63 gm) and V₃ C₅₂ (3.47 gm), whereas the lowest was recorded in V₇ Brisa (1.3 gm) and V₁₃ (1.3 gm), as shown in Figure 10. The difference in flower weight may be attributed to the varietal characteristics, habitat type, and the genetic makeup of the varieties, which influence their ability to produce larger flowers. Cultivars with superior genetic traits are more likely to produce heavier flowers, while environmental factors such as soil quality, water availability, and temperature can further influence this trait. Kashan et al. (2007) reported similar findings in chrysanthemum, where significant variations in flower weight were observed among different cultivars, attributed to both genetic and environmental factors. From the results, significant variation was also found among the cultivars’ performance with respect to flower yield per plant. The highest yield was recorded in V₁ Non pinch Nonstick (258.96 gm), followed by V₉ Pink Princess (183.47 gm), and V₈ Scarleteer (122.73 gm). Conversely, the variety that gave the minimum flower yield per plant was V₁₁ Vijay (44.23 gm), followed by V₇ Brisa (48.67 gm), as shown in Figure 10. The difference in flower yield per plant can be attributed to the genetic makeup, varietal characteristics, and habitat type, which play a crucial role in determining the plant’s productivity. Siddique et al. (2018) reported similar results in Mirabilis Jalapa, where the flower yield per plant varied significantly among cultivars, influenced by both the genetic composition and environmental conditions.
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			Figure 10: Performance of different varieties of Mirabilis jalapa, average single flower weight.
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			Figure 11: Performance of different varieties of Mirabilis jalapa shelf life.

			Shelf life 

			Shelf life and vase life varied significantly among the cultivars of Mirabilis jalapa L. From the results, significant variation was observed in the cultivars’ performance with respect to shelf life. Among all the varieties, the cultivar with the maximum shelf life was Non pinch Nonstick (11.66 days), which is comparable to the variety Peet (11.33 days), followed by Loyality (10.0 days). In contrast, the variety with the minimum shelf life was Wall Street (3.33 days), followed by Autumn (4.0 days), as shown in Figure 11. The difference in the shelf life of flowers may be due to factors such as the evaporation rate, transpiration rate, and other environmental factors that can influence the longevity of the flowers (Lubna et al., 2025). Additionally, the genetic makeup and varietal characteristics of the cultivars, along with the habitat type, may play a crucial role in determining how long the flowers remain fresh after harvest. Joshi et al. (2009) and Beeralingappa (2016) reported similar findings in Mirabilis Jalapa, where significant variation in shelf life was observed among different cultivars, with genetic factors and environmental conditions contributing to the differences in longevity (Ullah et al., 2025a).

			Conclusion 

			The cultivars of Mirabilis jalapa exhibited a wide range of variation in growth and flowering characteristics. Significant differences were observed across all parameters studied. Among the varieties, Pink Princess demonstrated superior performance in several key traits, including the number of primary branches (13.7), number of leaves (83.44), number of flower buds per plant (44.00), and number of flowers per plant (29.00). On the other hand, non-pinch Nonstick outperformed the other cultivars in terms of plant height (35.77 cm), plant spread (22.90 cm²), average flower weight (11.4 gm), flower yield per plant (134.15 gm), and shelf life (11.00 days), followed by C₂₆ and Scarleteer. Based on the overall performance, Non-Pinch Nonstick and Pink Princess are recommended for cultivation in the Dir Lower region due to their excellent growth, flowering, and yield characteristics.
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Performance Evaluation of Different Varieties of Mirabilis jalapa
L. Under Agro-Climatic Conditions at Ghazi Umara Khan Degree
College, Samarbagh (Dir Lower)

Shakir Ullah'™, Lubna Shakir’, Mohammad Sohail®, Iqbal Hussain? Falak Naz’, Azmat Noreen’, Ghani
Subhan* and Naveen Dilawar’

IState Key Laboratory of Systematic and Evolutionary Botany (LSEB), Institute of Botany, University of Chinese Academy
of Sciences, Beijing, China, 100000; °Govt Post Graduate College Timergara Dir Lower, Khyber Pakhtunkhwa, Pakistan;
' Department of Botany, Garden Campus, Abdul Wali Khan University Mardan, Mardan 23200, Khyber Pakhtunkhwa,
Pakistan; * College of Life Sciences, University of Chinese Academy of Sciences, Beijing, China 1000498, Department of Botany,
Women University Mardan, Mardan 23200, Khyber Pakhtunkhwa, Pakistan.

Abstract | This study aimed to identify the most suitable Mirabilis jalapa L. varieties for improving plant
growth, flower yield, and quality under the agroclimatic conditions of Ghazi Umara Khan Degree College,
Samarbagh, Dir Lower. The experiment was conducted from December to April 2020-2021 at the Research
Field, Department of Botany, Ghazi Umara Khan Degree College. Using a Randomized Block Design, 15
varieties were tested with three replications. The results revealed significant variation among the 15 varieties
across all observed parameters. Notably, the Non-pinch Non-stick variety exhibited the best performance
in terms of height (34.77 c¢m), plant spread (22.90 cm?), average flower weight (11.4 gm), flower yield per
plant (134.15 gm), and shelf life (12 days). The Vijay variety showed early flower bud initiation, completing
this phase in just 38 days, followed by Non-pinch Non-stick (42.47 days). However, Vijay required fewer
days to flower (54 days), whereas Non-pinch Non-stick took longer (59.7 days). Additionally, Pink Princess
demonstrated strong performance in multiple parameters, including the number of primary branches
(13.7), number of leaves (84.44), number of flower buds (44.00), and number of flowers per plant (28.00),
performing similarly to Cze and Scarleteer. Based on these findings, Non-Pinch Non-stick and Pink Princess
are recommended for cultivation at Ghazi Umara Khan Degree College, Samarbagh, Dir Lower, due to
their outstanding growth and flowering traits. It is recommended that these varieties be prioritized by local
growers to maximize flower yield and quality.
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