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ABSTRACT
This study investigated the effects of synthetic growth hormones (gibberellin) on the growth and yield of two varieties of Hibiscus sabdariffa (Green and Red). The experiment was conducted using a Complete Randomized Design (CRD) with six replicates at the Experimental Research Farm of the Kwara State College of Education, Ilorin. Gibberellin was applied to evaluate its influence on plant height, number of leaves, branches, and calyxes. Results showed that gibberellin significantly increased these growth parameters in both varieties, with treated plants outperforming the control group. The green variety showed the highest values in all parameters, while the red variety also responded positively. The study concludes that gibberellin improves the growth and yield of Hibiscus sabdariffa. Recommendations include exploring local sources of natural gibberellin through fermentation of plants like rice seeds and seaweed, offering a cost-effective alternative for local farmers.
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CHAPTER ONE
INTRODUCTION
1.1 	Background of the Study
Hibiscus sabdariffa, commonly known as Roselle, is a tropical plant widely cultivated for its edible calyces, which are used in food, beverages, and traditional medicine. The plant is known for its economic importance, particularly in developing countries where it contributes to local agriculture and industry (Akinjayeju, 2018). In recent years, plant growth regulators (PGRs) such as gibberellins have gained attention for their potential to enhance plant growth and increase agricultural yields. Gibberellins, a group of diterpenoid acids, are known to promote stem elongation, seed germination, and flowering in various plants (Phinney, 2018).
Plant Growth Regulators (PGRs), including gibberellins, have been shown to mitigate the effects of abiotic stresses such as drought, salinity, and extreme temperatures. Under stress conditions, plants typically reduce growth as a survival mechanism. However, exogenous application of gibberellins can counteract these growth-inhibiting effects by promoting cell expansion and maintaining photosynthetic activity (Colebrook et al., 2014). In wheat and rice, for example, gibberellin application has been linked to improved growth and yield under drought stress by enhancing root development and water uptake (Ashraf et al., 2018).
The agricultural significance of PGRs, particularly gibberellins, is evident in various crop management practices aimed at improving yield. The use of PGRs allows farmers to manipulate plant growth and development in ways that optimize resource use, improve crop quality, and enhance productivity. For instance, gibberellin application in sugarcane increases internode length, leading to higher biomass production and sugar yield (Singh et al., 2015). 
PGRs also have a role in horticulture, where gibberellins are used to control plant height, enhance flowering, and improve fruit size. In floriculture, gibberellin treatments are used to synchronize flowering in ornamental plants, making them more marketable (Rademacher, 2015).
1.2	Statement of the Problem
Despite the extensive research on the general benefits of gibberellin in agriculture, there is limited information on its specific effects on the growth and yield of different varieties of Hibiscus sabdariffa. This study seeks to address this gap by investigating how gibberellin application affects the growth parameters and yield of two distinct varieties of Hibiscus sabdariffa.

1.3	Objectives of the Study
The purpose of this study is to investigate the effect of synthetic growth hormone (gibberellins) on the growth and yield of two varieties of Hibiscus sabdariffa (Green and Red). Specific objectives:
1. To determine the effect of synthetic growth hormones (gibberellin) on the growth parameters (e.g., plant height, no of leaves, no of branches, no of calyces) of two varieties of Hibiscus sabdariffa (Green and Red).
2. To evaluate the impact of gibberellin application on the yield components, particularly calyx production, in these varieties.
1.4 	Significance of the Study
To evaluate the vegetative and calyx formation of two varieties of Hibiscus sabdariffa (Green and Red) treated with gibberellin at 50ml application per stand.
1.5	Scope of the Study
This study will be carried out at the Experimental Research Farm of Kwara State College of Education, Ilorin, it will focus on two varieties of Hibiscus sabdariffa (Green and Red) planted in the pot laid down in Complete Randomized Design (CRD), to evaluate the growth parameter and yield responses to different concentrations of gibberellin. 

1.6	Definition of Key Terms
Effect: refers to a change that is a direct result or outcome of an action, event, or other cause. In various contexts, the term describes the impact or influence that one variable or factor has on another.
Synthetic Growth Hormone (Gibberellin): refers to the laboratory-produced form of these hormones that mimics the action of natural gibberellins in plants. These synthetic versions are chemically identical or similar to the naturally occurring gibberellins and are used extensively in agriculture to regulate plant growth and improve crop yields.
Yield: refers to the total production of crops typically measured in terms of weight or volume of harvested produce such as the flowers and calyxes of Hibiscus sabdariffa.
Growth Parameter: are measurable characteristics of plant developments including plant height, leaf area, stem diameter and overall biomass. These indicators help assess the health and vigor of the plants.
Hibiscus sabdariffa: commonly known as Roselle, is a species of flowering plant in the Malvaceae family. It is widely cultivated in tropical and subtropical regions around the world, primarily for its edible calyces, which are used in the production of beverages, foods, and traditional medicines. The plant is an annual or perennial herb that typically grows to a height of 2 to 2.5 meters and features bright red or green stems, broad leaves, and yellow or white flowers. 

CHAPTER TWO
LITERATURE REVIEW
2.1 	Overview of Hibiscus sabdariffa
Hibiscus sabdariffa is a species of the Malvaceae family, commonly grown in tropical and subtropical regions. The plant is valued for its calyces, which are used in beverages, jellies, and traditional medicine (Morton, 2019). The two varieties commonly cultivated are the red and green varieties, each with distinct morphological and phytochemical properties (Azeez, 2020).
Hibiscus sabdariffa, commonly known as Roselle or sour tea, is a species of hibiscus plant widely known for its medicinal, nutritional, and industrial applications. Native to Africa and tropical regions, it is cultivated worldwide, particularly in tropical and subtropical climates, due to its versatility in both food and traditional medicine.
2.1.1	Botanical Characteristics
Hibiscus sabdariffa belongs to the Malvaceae family. It is a shrub that grows between 2 to 2.5 meters tall, with reddish stems and lobed green leaves. The plant produces fleshy, red calyces, which are the primary parts used in various products. The flowers are typically yellow or pale, with a red spot at the base. The fruit is a capsule containing small seeds, but it’s the calyces that are harvested for their rich flavor and color.
2.1.2	Cultivation and Economic Importance
Hibiscus sabdariffa thrives in tropical and subtropical climates with well-drained soils and a warm environment. It is cultivated in regions such as West Africa, Southeast Asia, India, and Central America. Its economic importance extends to both local and international markets, where dried hibiscus calyces are exported for tea production and other commercial uses. The plant's ability to grow in diverse climates makes it a valuable crop for small-scale farmers in many developing regions.
Hibiscus sabdariffa is a highly versatile plant with significant benefits in medicine, nutrition, and industry. Its bioactive compounds offer a range of health benefits, particularly for cardiovascular and metabolic health. In addition, its culinary and industrial applications make it an economically valuable plant, with global demand for hibiscus-based products continuing to grow.
2.1.3	Nutritional Composition and Medicinal Uses
The calyces of Hibiscus sabdariffa are rich in various bioactive compounds, including anthocyanins, flavonoids, and organic acids, which are responsible for its characteristic deep red color and sour taste. The plant is also a good source of vitamin C, minerals such as calcium, magnesium, and potassium, and dietary fiber. These nutritional properties contribute to the plant’s popularity in teas, jams, and beverages.
Traditionally, Hibiscus sabdariffa has been used in herbal medicine for centuries. The plant has antioxidant, anti-inflammatory, and antimicrobial properties, which make it valuable for various health applications. It is commonly used to manage conditions such as hypertension, liver disorders, and digestive issues. Several studies have indicated that hibiscus extracts can help lower blood pressure and cholesterol levels, particularly in patients with metabolic disorders (McKay et al., 2010).
The anthocyanins and polyphenols in hibiscus calyces have been linked to improved cardiovascular health, protection against oxidative stress, and potential antidiabetic effects. Additionally, hibiscus tea is used as a natural diuretic, promoting urine production and aiding in fluid regulation in the body.
2.1.4	Culinary Uses
The calyces of Hibiscus sabdariffa are widely used in the food and beverage industry. They are most commonly consumed as a tea or infusion, known for its tart flavor and refreshing quality. In addition to beverages, hibiscus is used to make jams, jellies, syrups, and sauces. In some cultures, the dried calyces are used as a seasoning or ingredient in savory dishes. The tart and tangy flavor complements both sweet and savory foods, making it a versatile culinary ingredient.
2.1.5	Industrial Applications
Beyond its medicinal and culinary uses, Hibiscus sabdariffa has applications in industries such as textiles and cosmetics. The red pigments in the calyces are used as a natural dye for fabrics and cosmetics, providing an eco-friendly alternative to synthetic dyes. Moreover, the plant’s fibers are sometimes used in the production of paper, ropes, and other materials.
2.2 	Plant Growth Regulators (PGRs)
Plant growth regulators (PGRs) are chemical substances that influence plant growth and development. Among these, gibberellins are known for their role in promoting cell elongation, seed germination, and the transition from vegetative to reproductive growth (Taiz and Zeiger, 2019). Studies have shown that gibberellins can enhance the growth and yield of various crops, including cereals, fruits, and vegetables (Davies, 2020).
Plant Growth Regulators (PGRs) are organic compounds, either natural or synthetic, that influence the physiological processes of plants. These regulators play a crucial role in modulating plant growth, development, and responses to environmental stimuli. PGRs are involved in processes such as cell division, elongation, flowering, fruit development, and senescence. They are used extensively in agriculture, horticulture, and research to enhance crop productivity and control growth patterns.
PGRs are broadly classified into five main categories based on their function: auxins, gibberellins, cytokinins, abscisic acid, and ethylene.
2.2.1	Gibberellins
Gibberellins (GAs) are a group of PGRs that promote cell elongation, seed germination, flowering, and fruit development. They are particularly important in breaking dormancy in seeds and buds, allowing for rapid growth when conditions are favorable.
Functions:
· Stimulate stem elongation
· Promote seed germination
· Induce flowering in long-day plants
· Increase fruit size in certain crops
Uses in Agriculture: Gibberellins are used to improve the quality and size of fruits, especially in grapes, and to enhance seed germination and sprouting. They are also employed to overcome seed dormancy in various crops, making them essential in crop breeding and propagation.
2.2.2	General Importance of Plant Growth Regulators (PGRs) in Agriculture
The use of PGRs in agriculture helps optimize plant growth and productivity. By manipulating growth patterns, PGRs can ensure that plants grow more uniformly, produce higher yields, or develop stronger root systems. Some of the key applications include:
· Improving crop yield: PGRs like gibberellins are used to increase the size and yield of fruits and vegetables.
· Controlling plant height: Growth retardants (specific types of PGRs) help control excessive elongation in ornamental plants.
· Enhancing stress tolerance: Abscisic acid improves plant resilience to environmental stresses like drought.
· Regulating flowering and fruiting: PGRs can induce or delay flowering and fruit set, allowing farmers to time harvests better.
Plant growth regulators are essential tools in modern agriculture, allowing farmers and horticulturists to control and enhance plant growth, productivity, and stress tolerance. By understanding the specific functions of auxins, gibberellins, cytokinins, abscisic acid, and ethylene, growers can optimize plant development, improve yields, and ensure better quality produce. With advancements in biotechnology, the application of PGRs is likely to become even more precise, contributing to sustainable and efficient agricultural practices.
2.3 	Application of Gibberellin in Agriculture
The application of gibberellin in agriculture has been extensively studied, with results indicating that it can significantly improve plant height, leaf area, and overall biomass. For instance, research on wheat and rice has demonstrated that gibberellin treatment leads to taller plants and higher yields (Sponsel, 2018). However, the response to gibberellin can vary among plant species and even among different varieties within the same species (Ogawa et al., 2020).
Gibberellins (GAs) are a group of plant growth regulators that significantly influence plant development, including processes like stem elongation, germination, flowering, and fruit growth. Their application in agriculture has revolutionized crop management by enhancing yield and improving crop quality. Below are key agricultural applications of gibberellins:
2.3.1	Promoting Stem Elongation
One of the primary functions of gibberellins is promoting stem elongation by stimulating cell elongation and division in stems and leaves. This application is particularly useful for crops where height is important, such as sugarcane, forage grasses, and ornamental plants like roses. Gibberellins help overcome dwarfism and stunted growth in certain crops, allowing for better structural development. For instance, GA application in crops like rice and wheat has been shown to increase internode elongation, improving plant height and architecture (Hedden and Thomas, 2012).
2.3.2	Inducing Parthenocarpy (Seedless Fruit Development)
Parthenocarpy refers to the development of fruit without fertilization, resulting in seedless fruits. Gibberellins are widely used to induce parthenocarpic fruit development in crops like cucumbers, tomatoes, and eggplants. This application is valuable because seedless fruits are often preferred by consumers and have higher market demand. Gibberellins help stimulate ovary growth, leading to the formation of fruit even in the absence of pollination (Kumar et al., 2012).
2.3.3	Delaying Senescence and Extending Shelf Life
Gibberellins are used to delay senescence (aging) in leaves and fruits, helping to prolong the storage and market life of crops. By maintaining cell division and delaying the natural degradation processes, gibberellins help preserve the quality of harvested produce. In bananas, for instance, gibberellin treatments are used to delay ripening and extend shelf life during transportation and storage (Rademacher, 2016). This is particularly valuable in reducing post-harvest losses in perishable fruits.
2.3.4	Promoting Flowering in Long-Day Plants
Some crops require specific environmental cues, such as long days or cold temperatures, to flower. Gibberellins can substitute for these cues, promoting flowering under non-ideal conditions. This is particularly useful in floriculture, where uniform and timely flowering is crucial for market timing. In crops like long-day onions and certain types of ornamental plants, gibberellin application induces flowering even under shorter days (Mutasa-Göttgens and Hedden, 2009).
The application of gibberellins in agriculture has significantly enhanced the productivity, quality, and management of crops. From breaking seed dormancy to improving fruit size and delaying senescence, gibberellins provide valuable tools for optimizing crop growth and yield. With advancements in plant biotechnology and better understanding of plant hormonal pathways, gibberellins will continue to play an important role in sustainable agriculture and food production.
2.4	Different Varieties of Hibiscus sabdariffa
The two primary varieties of Hibiscus sabdariffa are the red and green types. The red variety is often preferred for its higher anthocyanin content, which contributes to its vibrant color and antioxidant properties. The green variety, while less common, is known for its unique flavor and lower acidity (Akinyele and Oloruntoba, 2021). Previous studies have focused on the nutritional and phytochemical differences between these varieties, but few have explored their differential responses to Plant Growth Regulators like gibberellin.
Hibiscus sabdariffa, commonly known as Roselle, is a versatile plant cultivated for its calyces, leaves, seeds, and stems. It is valued for its nutritional, medicinal, and industrial applications. The plant has multiple varieties, each with distinct characteristics, which are generally categorized into two main types: the calyce-producing type and the fiber-producing type. These varieties vary in growth habit, calyx color, acidity, and overall yield.
Calyce-Producing Varieties
These varieties are primarily cultivated for their edible calyces, which are rich in anthocyanins, vitamin C, and organic acids. The calyces are used to make beverages, jellies, sauces, and traditional medicines. The two major types of calyce-producing Hibiscus sabdariffa are:
· Hibiscus sabdariffa var. sabdariffa (Roselle/Red Sorrel): This is the most common variety, characterized by red or deep purple calyces that are tart and acidic. It is widely cultivated in tropical regions for the production of teas, syrups, and jams. The high anthocyanin content in the calyces gives them a vibrant red color, making this variety popular for natural coloring agents in food and beverages (McKay and Blumberg, 2010).
· Hibiscus sabdariffa var. altissima (White Sorrel/Green Roselle): This variety has pale green calyces and is less acidic compared to the red variety. It is mostly grown in West Africa and the Caribbean, where the calyces are used in both fresh and dried forms. While less commonly used for beverages, it is still valued for its unique flavor profile and mild acidity. The calyces of this variety tend to be larger and less fibrous than the red varieties, making them easier to process (McKay and Blumberg, 2010).



CHAPTER THREE
MATERIALS AND METHODS
3.1 	Description of the Study Area
The experiment was conducted at the Experimental Research Farm of the Kwara State College of Education Ilorin, to determine the effects of application of synthetic growth hormone (gibberellin) on growth and yield of two varieties of Hibiscus sabdariffa (Green and Red). The soil type is loamy soil, which is well-suited for growing Hibiscus sabdariffa.
3.2 	Experimental Design
The experiment was a Complete Randomize Design (CRD) with six replicates. The experimental units consisted of 6 buckets, with each bucket assigned to one of the two varieties of Hibiscus sabdariffa. 
3.3 	Experimental Materials
Seeds of the two varieties of Hibiscus sabdariffa was obtained from Agronomy Department of the University of Ilorin, Kwara State. 
3.4	Land Preparation
	The land was cleared of stones and debris by using cutlass and hoe to make a clean clearing of the experimental site. Soil of the cleared area was sieved by using a sieve to remove large stones and pebbles. The sieved soil particles was kept aside before filling the pots. 12 buckets of 20litres size were drilled at the bottom to enable drainage of excess water. The pots were arranged accurately according to the treatment combinations. The treatment combinations were two (2) varieties of Hibiscus sabdariffa (Green and Red), where T1 is control and T6 is treatment with 0.6 litres of gibberellins per pot and V1 is the variety 1 (Green) and V2 is the variety 2 (Red).
	Pot Fillig: This was carried out by filling the pots with sieved soil, those that contained treatments were filled with 40kg loamy soil and addition of treatments while the control were filled with ordinary soil sample. Application of water was done using wateringcan to allow even distribution of water while excess water was allowed to drain off.
3.5	Planting of Seed
	Seeds were soaked for about 10 minutes and graded as well. This was done to detect the viable and non-viable seeds. The viable seeds sank while non-viable seeds floated. Four (4) seeds was planted per pot which gave a total number of 48 stands of plants.
3.6 	Gibberellin Application
Gibberellin (GA₃) was applied as a foliar spray at the specified concentrations starting from 8 days after planting. The application was repeated weekly until the flowering stage. The treatment was applied using a hand-held sprayer, ensuring even coverage of the foliar parts.
3.7	Cultural Practices
	Cultural practices involved were, hand weeding, watering and use of herbicide, thinning and supplying of seeds.
3.8 	Data Collection
Data was collected on growth parameters, such as plant height, number of leaves produced, and number of branches formed at 4, 8, and 12 weeks after planting. Number of flowers produced and calyx formation were recorded. Plant height was measured using a meter rule and recorded in centimeter, number of branches formed were counted manually and recorded.
3.9	Data Analysis
	Data collected were analysed using t-test.






CHAPTER FOUR
RESULTS AND DISCUSSION 
4.1	Results 
	This chapter presents the results in tabular form and then discussion of result.
Table 1:
Effect of gibberellin on the plant height of Roselle (cm)
	
	Variety 1 (Green)
	Variety 2 (Red)

	T1
	24.80
	21.25

	T6
	33.89
	32.35

	 
	0.031
	0.05


T1 = Control
T6 = Foliar application of synthetic growth hormone (gibberellin)


Table 2:
Effect of gibberellin on the number of plant leaves produced
	
	Variety 1 (Green)
	Variety 2 (Red)

	T1
	50.97
	28.56

	T6
	59.70
	53.40

	 
	0.082
	0.05


T1 = Control
T6 = Foliar application of synthetic growth hormone (gibberellin)
Table 3:
Effect of gibberellin on number of branches produced
	
	Variety 1 (Green)
	Variety 2 (Red)

	T1
	10.02
	7.87

	T6
	15.44
	12.04

	 
	0.338
	0.127


T1 = Control
T6 = Foliar application of synthetic growth hormone (gibberellin)



Table 4:
Effect of gibberellin on the number of calyxes produced
	
	Variety 1 (Green)
	Variety 2 (Red)

	T1
	7.28
	17.28

	T6
	12.58
	25.50

	 
	0.225
	0.055


T1 = Control
T6 = Foliar application of synthetic growth hormone (gibberellin)

4.2	Discussion
	Table 1 shows the plant height of the 2 varieties of Hibiscus sabdariffa treated with synthetic growth hormone. For the green variety, highest plant height (33.89cm) was recorded for the pots that received gibberellin, while least plant height of (24.80cm) was recorded for the control. These values were significantly different, at 0.031 mean value which was lesser than 0.05% probability.
	More so, for red variety, the pot that were treated with gibberellin produced plants with higher height of (32.35cm), while lower plant height (21.25cm) was recorded for untreated pots. These 2 values were also significant at 0.05% of probability.
	Table 2 shows the number of plant leaves produced of the 2 varieties of Hibiscus sabdariffa treated with synthetic growth hormone. For the green variety, least number of plant leaves (50.97) was recorded for the control, while highest number of plant leaves of (59.70) was recorded for the pots that received gibberellin. These values were significantly different, at 0.082 mean value which was greater than 0.05% probability.
	More so, for red variety, lower number of plant leaves (28.56) was recorded for untreated pots, while the pot that were treated with gibberellin produced plants with higher number of leaves of (53.40). These 2 values were also significant at 0.05% of probability.
	Table 3 shows the number of branches produced of the 2 varieties of Hibiscus sabdariffa treated with synthetic growth hormone. For the green variety, least number of branches produced (10.02) was recorded for the control, while highest number of branches (15.44) was recorded for the pots that received gibberellin. These values were significantly different, at 0.338 mean value which was greater than 0.05% probability.
	More so, for red variety, the pot that were treated with gibberellin produced plants with higher number of branches of (12.04), while lower number of branches (7.87) was recorded for untreated pots. These 2 values were also significantly different at 0.127 mean value which was greater than 0.05% probability.
	Table 4 shows the plant calyxes of the 2 varieties of Hibiscus sabdariffa treated with synthetic growth hormone. For the green variety, highest number of calyxes (12.58) was recorded for the pots that received gibberellin, while least number of calyxes of (7.28) was recorded for the control. These values were significantly different, at 0.225 mean value which was greater than 0.05% probability.
	More so, for red variety, the pot that were treated with gibberellin produced plants with higher number of calyxes of (25.50), while lower plant calyxes (17.28) was recorded for untreated pots. These 2 values were also significantly different at 0.055 mean value which was greater than 0.05% of probability.


CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1	Summary 
The study shows that the application of synthetic growth hormones (gibberellin) significantly increased plant height, number of leaves, branches, and calyxes in both green and red varieties of Hibiscus sabdariffa. For the green variety, the highest plant height, leaf count, branch number, and calyxes were observed in the gibberellin-treated pots, with lower values in the control group. Similarly, the red variety exhibited higher values in all parameters when treated with gibberellin compared to the untreated plants. Most of the results were statistically significant, indicating that gibberellin positively affects the growth and yield of both varieties.	
5.2	Conclusion
The study on the effect of synthetic gibberellin application on two varieties of Hibiscus sabdariffa (Green and Red) revealed that gibberellin significantly enhanced growth parameters such as plant height, leaf area, and stem diameter in both varieties. Moreover, the application of gibberellin positively impacted yield components, particularly calyx production. This demonstrates the potential of gibberellin in improving the overall growth and productivity of Hibiscus sabdariffa, making it a valuable tool for optimizing Roselle cultivation in agricultural practices. However, the extent of these effects varied between the Green and Red varieties, indicating that responses to gibberellin may be variety-specific.
5.3 Recommendations
In areas where synthetic gibberellin might be expensive or unavailable, leveraging local methods or sources to obtain natural gibberellin can be a game-changer. Local farmers can utilize organic plant-based methods to obtain natural gibberellin. Some plants, fungi, and microorganisms naturally produce gibberellins, which can be harnessed through sustainable farming practices. A practical and accessible method is the use of fermented plant extracts from specific plants known to contain high levels of gibberellins. For example:
· Rice seeds (Oryza sativa): Fermenting rice seeds, which are rich in gibberellins, can be used as a growth enhancer in small-scale farming.
· Seaweed (Algae): Seaweed extracts are another natural source of gibberellins and can be applied to crops after proper fermentation.
· Composting and fermentation processes: Composting or fermenting plant waste material using microorganisms like Gibberella fujikuroi (a fungus that produces gibberellin) can be a practical way to extract natural growth regulators.
Farmers should be trained in the preparation and application of these natural gibberellin sources, providing them with a sustainable and low-cost alternative to synthetic options. This approach could promote organic and eco-friendly agricultural practices while reducing dependence on imported agrochemicals.
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