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Abstract 

Ornamental plants play a vital role in the global horticultural industry.  Plant growth regulators are a wide 

group of naturally occurring or synthetically generated organic chemicals that are used as a commodity in the 

industrial ornamental production system. Plant growth regulators have a faster effect on flowering crop yields, 

both vegetative and flowering. The use of growth regulators in ornamental crops must be selective, non-toxic, 

and environmentally friendly. Their exogenous application contributes to the enhancement of various 

economically significant and market attractive characteristics of ornamental plants. As a cultural practice, 

commercial ornamental plant producers use plant growth regulators. The physiological processes of flowering 

crops are affected by plant growth regulators, followed by the development and flower formation of flowering 

crops affected by plant growth regulators. The types of plant growth regulators and their effects on ornamental 

plants are discussed in this review. 

Keywords: Ornamental, Plant growth, growth regulators, production. 

Introduction 

           The ornamental industry is primarily focused on the planting of foliage and flowering plants suitable 

for growing in beds and pots. The commercial cultivation of ornamental plants is growing all over the world. 

Cut leaves, cut trees, bedding plants, indoor plants, potted plants, bulbous plants, and outdoor plants are all 

examples of ornamental plants, which may be annuals, biennials, or perennials depending on their growing 

habits. As a result, ornamentals add artistic value to our surroundings (Riaz et al., 2002; Noor-un-Nisa et al., 

2013). and there has been a growth in the market for ornamental plants for personal and ritual purposes. Cut 

flowers are the most common ornamental plants, followed by flowering pot plants, tree and nursery plants, 

and flower bulbs (Lawson, 1996), but this is no longer the case. and is also commercially significant in the 

global horticultural trade. Humans have even used them in the past, also in ancient times (Simpson and 

Ogorzaly, 2001). For commercialization and conservation of the floriculture industry, we need a technical 

approach and proper management practices, such as quality improvement of flower germplasm, proper 

fertilizer management, high-tech processing technology, good seeds and planting material, precision farming, 

and so on (Wani et al., 2017). For growing ornamental crop yield and maintaining it at a high level, we need 

integrated nutrient management (Kumar and Chaudhary, 2018). Following the invention of plant growth 

regulators, there has been a considerable shift in agriculture, especially in floriculture. The use of plant growth 

regulators produces a better outcome in floriculture development. Plant growth regulators have been 

investigated to increase the number of flowers and regulate flowering according to farmer needs. 

Development in a plant is the result of cell division, enlargement of new cells, and differentiation into various 

types of tissues; these growth processes are followed by a permanent change in size [usually an increase in 

length or volume]. In addition, the dry weight of the growing parts increases. 

Types of Plant Growth 

1. Primary and Secondary Growth - The meristematic cells present at the root and shoot apices divide 

mitotically and increase the length of the plant body. And Secondary Growth is referred to as the increase in 

the diameter of the plant body by the division of the Secondary meristem. 

2. Unlimited Growth - When the plant constantly grows from the germination stage to death is known as 

Unlimited Growth. 

3. Limited Growth - In this stage, the plant parts stop growing after attaining a certain size. 

4. Vegetative Growth - It involves the production of stem leaves and branches except for the flowers. 
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5. Reproductive Growth - Flowering occurs at this type of growth stage. 

            Growth regulators are chemicals that naturally occurring in plant tissues (i.e., endogenously), have a 

nutritional role rather than regulatory in growth and development. These chemical compounds generally active 

at very low concentration are known as plant hormones (or plant growth substances) and these substances are 

produced synthetically they are called plant growth regulators (PGR). (Rademacher 2015). In various are of 

agriculture plant growth regulators used for increasing production with better phytochemical, phytosanitary 

and commercial quality. In the world for one million hectares land plant growth regulators are used However, 

most of these applications are confined to high valve horticultural crops rather than field crops. Plant growth 

regulators applied foliar can help increase fruit and cut flower quality parameters (Khalid et al., 2012). 

        Plant growth regulators (PGRs) or phytohormones are organic compounds other than nutrients that are 

naturally formed in higher plants that regulate growth or other physiological functions at a location distant 

from their source of origin. They are active in minute quantities and alter plant physiological processes. Bio-

stimulants and bio-inhibitors are PGRs that function within plant cells to activate or inhibit certain enzymes 

or enzyme systems, thus assisting in the regulation of plant metabolism. They are usually active in plants at 

very low concentrations. PGRs were first recognized in the 1930s for their significance. Natural and synthetic 

compounds have been discovered since then that changes the function, form, and size of crop plants. PGRs 

are now used to alter crop growth rate and pattern at different stages of production, from germination to harvest 

and post-harvest storage. Growth-regulating chemicals that have a favourable impact on large agronomic crops 

may be beneficial. 

  

Based on their actions plant growth regulators are broadly classified into two major groups. 

 

 Plant growth promoters 

 Plant growth inhibitors 

 

Plant growth promoters – The plant bioregulators or hormones which have catalytical effects i,e. vital 

responsible in plant growth are called growth promoters. Auxin, Gibberellins, and Cytokinines are grouped 

into plant growth promotors. 

  

Auxins 

 

 These are a group of phytohormones synthesis in the shoot and root apices and they transfer from the apex to 

the elongation zone. Auxins promote longitudinal axis growth of the plant hence it is called auxeing (to grow 

or to increase). Auxins are found in abundance in the developing tips of the plant, such as the coleoptile top, 

buds, root tips, and leaves. The only naturally found auxin in plants is Indole Acetic Acid (IAA). They (auxin) 

promote growth at low concentrations while inhibiting growth at high concentrations. They are known for 

inducing plant cell enlargement and stem elongation. They are also involved in the growth of plant branches 

and are linked to apical domination. As a result, an auxin can be described as an organic material that, when 

added in low concentrations to shoots of plants that have been released as far as possible from their intrinsic 

growth-promoting substances, promotes growth (i.e., permanent growth) along the longitudinal axis. Auxins 

can have other properties, as they usually do, but this one is crucial (Thimann, 1963). Previously, auxins were 

thought to have only one function: to stimulate cell elongation. However, subsequent research has shown that 

they are intimately linked to a wide range of functions. 

  

The synthetic auxins include 

 

 IBA: Indole Butyric Acid 

 NAA: Naphthalene Acetic acid  

 MENA: Methyl ester of Naphthalene acetic acid  

 MCPA: 2 Methyl 4 chlorophenoxy acetic acid  

 TIBA: 2, 3, 5 Tri iodo benzoic acid  

 2, 4-D: 2, 4 dichloro phenoxy acetic acid  

 2, 4, 5-T: 2, 4, 5 Trichloro phenoxy acetic acid 
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Application of auxin in ornamental crops  

 

Auxin is well known for promoting cutting rooting (Hartmann et al., 2002). IBA is the auxin that is most 

commonly used for commercial rooting (Nickel, 1990). Auxins play an important role in regulating plant 

growth and development; they also affect the formation of primary, secondary, and adventitious roots, among 

other things (Sebanek, 2008). The naturally occurring auxin in plants is indole acetic acid (IAA). Synthetic 3-

indole butyric acid (IBA) is the most widely used auxin, and when compared to natural indolyl-3-acetic acid 

(IAA), it is the most powerful hormone for promoting adventitious root development (Pop et al., 2011). The 

transfer of IBA to IAA in plant tissue promotes rooting. In carnation cuttings treated with IBA, rooting 

percentage and other rooting parameters improved significantly across cultivars (Gowda et al., 2017). In 

carnation cuttings, auxins were also effective regulators in inducing rooting and reducing the number of days 

needed for rooting (Singh et al., 2006). The effects of various auxins and their concentrations on marigold 

rooting parameters increased rooting percentage, root length, root number, and root dry weight (Sharma 2014). 

The application of IBA + NAA 150 ppm to marigold tip cuttings resulted in a substantial rise in the number 

of roots (58.79) and the longest root/cutting interval (Bhatt et al., 2012). The most primary and secondary 

roots per cutting, the longest root length, the freshest weight of roots per cutting, and the most leaves per 

cutting were all included in IBA-treated poinsettia cuttings (Singh and Singh, 2005). Early root presence 

(22.55 day) with maximum rooting (76.67 percent), largest primary root number (12.57), longest root (5.87 

cm), and field survival (73.13 percent) in cuttings treated with IBA @ 1500 ppm in a commercial cut flower 

cultivar of rose called ‘First Red' when treated with indole butyric acid (IBA) and naphthalene acetic acid 

(NAA) (Dawa et al., 2013). Auxins were used to boost rooting parameters in roses, and they had a big effect 

(Akhtar et al., 2015). Hatamzadeh et al., (2012) looked at the impact of salicylic acid (SA) on the quality and 

vase life of cut Gladiolus cv. “Wings Sensation” flowers at four stages of growth (bud stage; half bloom; full 

bloom; senescence). SA concentrations of 50, 100, 150, and 200 mg/L were used to prepare the flowers. The 

SA delayed flower senescence and ion leakage in petals, as well as fresh weight loss and lipid peroxidation, 

according to the findings. Auxin not only plays a vital role in defining floral organ roles but also controls floral 

meristemic cell proliferation, as seen by the occurrence of a new gynoecium on top of an existing gynoecium 

(Cheng et al., 2006). Exogenous auxins improve rooting efficiency and stem cutting accuracy, while IBA and 

NAA promote adventitious rooting in cuttings (Copes and Mandel, 2000). 

 

Gibberellins 

 

    Gibberellins (GA) are important plant regulators that control seed germination, stem elongation, leaf 

expansion, pollen maturation, and flowering induction, among other processes. The ent-gibberellane structure 

gives gibberellins their name. Gibberellic acid was the first gibberellin to be identified. Gibberellins are 

produced by a range of species, ranging from fungi to higher plants, and there are over 100 different types. As 

a result, GA-deficient mutant plants have a dwarf phenotype and flower late; treating these plants with GA 

restores normal development. Because of its beneficial effect on plant growth and production, gibberellic acid 

(GA3) is a natural plant regulator with numerous applications in agriculture and horticulture. It has been shown 

to improve seed germination (Lee et al., 2016, Urbanova and Leubner-Metzger, 2018), shorten the juvenile 

process, leaf expansion and growth, stem elongation (Oh et al., 2015 and Oh et al., 2014), and early flowering 

in a variety of crops and ornamental plants (Wilkie et al., 2008). Growing demand for patterned foliages and 

cut-flowers with long vase lives has prompted researchers to create new protocols to meet industry demands. 

GA3 foliar applications increased flower stem length (Bergmann et al., 2016) and delayed leaf yellowing in 

cut flowers grown in the field (Toscano et al., 2018). Gibberellins are found in all parts of the plant, including 

the leaves, stems, roots, seeds, embryos, and pollen. The reproductive tissues, on the other hand, have a high 

concentration of gibberellin, while the roots have a lower concentration (Coll et al., 2001). 

  

Applications of gibberellins in ornamental crops 

   

GA 3 is used to increase the number of flower buds, seeds, and inflorescences in floriculture (da Silva Vieira 

et al., 2010). Gibberellins are involved in a variety of plant developmental processes, including promoting leaf 

area, flower stalk elongation, early and uniform flowering, and increased flower size (Al-Khassawneh et al., 

2006). Zulfiqar et al., 2019 reported tuber grew better at a concentration of 150 mg/L, while the radicle grew 

best at a control concentration. The seeds did not germinate at a concentration of 50 mg/L. At 100 mg/L GA3 

concentrations, similar findings in terms of leaf area and plant height were observed in Gazania rigens L 

(treasure flower). Aparna et al., 2018 mentioned that under short-day conditions, higher GA3 concentrations 
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(200 mg/L, 300 mg/L, and 400 mg/L) improved the vegetative development of Chrysanthemum morifolium 

cv. Thai Chen Queen (florist's daisy). Seven Pelargonium (geranium) cultivars had their root systems treated 

with four concentrations of GA3 (0.05, 0.5, 5.0, or 50 mg/L). As the concentration of GA3 increased, the 

relative growth rate of all cultivars studied improved. Each cultivar's root-to-shoot ratio decreased in tandem 

with their increased growth rate (Arteca et al., 1991). Huang in 2007 demonstrated that 5 mg/L GA3 induced 

flowering in Kalanchoe pinnata (Goethe plant) and Kalanchoe poincarei (alligator plant) plants. In addition, 

Emami et al. (2011) found that GA3 in conjunction with benzyl adenine improved the chlorophyll content of 

lily leaves. In rhododendron (Rhododendron pulchrum), Chang and Sung (2000) found that GA3 had an impact 

on the growth of buds and flowers per plant, showing the colours of the buttons 10 days before flowering and 

anticipating flowering in nine days compared to the control. Pre-treatment with GA3 at a concentration of 83 

mg/L was useful for the development of seedling serum by rhizomes due to the formation of trees of greater 

height (Tavares and Almeida, 2005). This result was also seen in the chrysanthemum 'Gompier-cha', where 

100 mg L-1 was applied to plants grown in greenhouses (pot) and the vase life was extended by 16 days 

relative to untreated controls (Freitas, 2001). According to Ramesh et al. (2001), the application of gibberellic 

acid @ 150 ppm resulted in the maximum plant height (75.10 cm) in china asters, while Maleic Hydrazide 

@1500 ppm resulted in the largest number of branches per plant (13.15). Singh et al., (2013) investigated the 

effects of GA3 on gladiolus cultivar growth and flowering characteristics. On the cvs. Sabnum and Gunjan, 

the overall length of the leaf and the width of the longest leaf were registered with GA3 at 400 ppm. At 200 

ppm GA3, cv. Gunjan produced the highest number of leaves per vine, when GA3 was sprayed at higher 

concentrations, early spike emergence was observed among flowering parameters in cv. Sabnum (300-400 

ppm). The maximum length of spike was achieved with GA3 at 300 ppm, while the maximum number of 

florets per spike was achieved with cv. Snow Princess when GA3 was added at 100-200 ppm. Duration and 

number of treatments investigated had only a minor effect on the growth and production of Ajania pacifica 

when exogenous GA3 was applied at concentrations (Zalewska and Antkowiak, 2013). An experiment was 

carried out by Bose et al. (2003) to investigate the impact of GA3 on gladiolus cv. ‘Erovision' flowering and 

consistency characteristics. Corms were soaked in 0 (control), 50, and 100 ppm GA3 solutions for 1 hour 

before being planted at 49 corms/m2 five days later; GA3 at 100 ppm reduced the time between planting and 

harvesting and increased flowering percentage, spike weight, flower number per spike, and flower stem 

diameter. Ranwala and Miller (2002) found that spray or pulse treatments with gibberellins inhibited leaf 

chlorosis in Asiatic lily hybrids, with GA4+ GA7 being more successful than GA3. 

  

Cytokinins 

        
In the production of many industrial plant growth regulators, cytokinins have a great significance (Padhye et 

al., 2008). The term cytokinins refer to all naturally occurring compounds that have been shown to stimulate 

cell division. Letham coined the phrase "cytokinin" (1963). They are also believed to postpone the onset of 

senescence. The first naturally occurring cytokinin, known as zeatin, was discovered in rice. Cytokinins are 

also known as phytokinins. Synthetic benzyl adenine and kinetin are the most commonly distributed 

cytokinins. The chemical compound 6-furfuryl aminopurine was found in the tobacco pith callus and called 

kinetine. Cytokinins are called natural plant growth hormones because they primarily influence cell division 

and growth. The apical root meristem, inflorescences, and emerging fruits tend to be the primary sources of 

natural cytokinin. They also promote seed germination and uniform flowering. Cytokinins regulate metabolite 

transfer in the phloem. Cytokinins are also useful in the protection of flowers, seeds, and leafy vegetables. 

Cytokinins, when applied externally, stimulate the development of lateral buds and thereby counteract the 

influence of apical dominance.  

 

Application of cytokinins in ornamental crops 

       
Use of cytokinins in ornamental plants Cytokinins have been used for ornamental plants on many occasions, 

although the concentration of cytokinins that are beneficial differs between ornamental plants (Werbrouk et 

al., 1996). Many plants, including the Dendrobium orchid (Sakai et al., 1998), Lilium (Ohkawa, 1978), and 

Achimenes longiflora, have shown positive effects of cytokinins (Vlahos, 1985). Nicola et al. (2010) 

experimented and confirmed that a combined treatment of cytokinin and gibberellic acid at 100ppm and 

200ppm, respectively, prevented leaf chlorosis and senescence in the Compositae family plants as compared 

to control plants. However, Yadav et al. (2015) stated that using cytokinin at 200 ppm resulted in the highest 

stem diameter, fresh weight of flower, shortest days to seed ripening, and highest seed yield in marigold as 

compared to other stages. The study of hormones, proteomes, and transcriptomes also reveals that cytokinin 
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plays an important role in plant tolerance to heat stress, with increased cytokinin upregulating much of the 

heat shock (HS) reaction proteins (Shalak et al., 2016). In shoot growth, cytokinin is a positive regulator, while 

in root development, it is a negative regulator (Werner et al., 2003). Since roots are a major source of 

cytokinins, which have been shown to facilitate bud break in roses (Mor and Zieslin, 1987), cytokinin activity 

in young root tips may be a key factor in axillary bud sprouting. Benzyl aminopurine is an essential cytokinin, 

and according to Bonhomme et al. (2000), cytokinins play an important function in the initiation of the 

flowering process in plants. The argument is confirmed further by the observations of Nguyen et al. (2006), 

who discovered that using cytokinin will help increase the percentage of rose plants that bloom. Richmond 

and Lang (1957) investigated Xanthium and discovered that Cytokinin would delay senescence for many days. 

In certain plants, cytokinins increase susceptibility to high temperatures, frost, and diseases. Cytokinin also 

aids flowering in photoperiodic conditions that are unfavourable. They stimulate the synthesis of certain 

photosynthesis-related enzymes in some situations.   

 

Plant Growth Inhibitors - Growth Inhibitors are plant bio-regulators that selectively interfere with natural 

hormonal growth promotion, such as Abscisic acid and Ethylene. 

  

Abscisic acid (ABA) 

 

They were historically known as Dormin or Abscisin primarily because of their regulatory impact on dormancy 

and abscission. This hormone is widely distributed in higher plants and can be present in a variety of organs 

and tissues (both old and young). ABA causes the leaves of a wide range of plants to abscise, as well as the 

fruits of certain plant species. Abscisic acid (ABA) has long been known to play a key role in drought, osmotic, 

and high salinity reactions, and is thus often referred to as a stress hormone (Zhang, 2014). One of the best-

studied mechanisms of action of ABA in response to drought stress is the regulation of transpiration by 

stomatal opening and closing (Li et al., 2020). Abscisic acid (ABA), a plant hormone, plays a part in plant 

responses to environmental pressures, and ABA applications reduce water loss and improve drought tolerance 

(Leskovar and Cantliffe, 1992; Yamazaki et al., 1995). The use of chemical products in floriculture plants to 

mitigate water loss has produced variable effects. However, modern ABA formulations are now available as 

plant growth regulators to commercial producers (Barrett and Campbell, 2006). 

  

Application of abscisic acid in ornamental crops 

        
In the floriculture sector, drought stress is a significant cause of postproduction shrinkage (Barrett and 

Campbell, 2006). For all treated bedding plants ABA applications contributed to a reduction in water loss 

during serious drought stress. Exogenous ABA treatment during the spring/summer growing season decreases 

respiration and water loss in potted miniature roses (Rose hybrida L.) and increases flower lifespan (Monteiro 

et al., 2001). Leaf chlorosis was observed on s-ABA-treated pansies, according to Blanchard et al. (2007), but 

there was no quantification of the magnitude of the reaction, and no evidence was given for non-drought-

stressed plants treated with sABA. Leaf chlorosis in pansies may be due to increased synthesis or exposure to 

other senescence-related hormones, such as ethylene. Exogenous ABA has been shown to increase ethylene 

content while decreasing cytokinins, resulting in leaf senescence (Taiz and Zeiger, 2002). 

  

Ethylene 

      
This is a basic gas released in limited amounts by many plant tissues, and it acts as a powerful growth and 

development regulator. Ethylene is produced naturally in plants in large quantities to have regulatory 

implications, and it may be classified as a plant hormone. They are abundant in physiologically matured fruits 

that are about to ripen. When added to plants, synthetic chemicals such as etherel, ethephon, and chloroethyl 

phosphonic acid (CEPA) have been shown to release ethylene. Breaking dormancy, inducing abscission of 

leaves, and inhibiting elongation and lateral bud development are all essential functions of ethylene in plants. 

  

Application of Ethylene in ornamental crops 

       
According to Umrao et al., (2006), 500 ppm ethrel provided substantially more sprouts per corm of gladiolus 

than lower and higher doses, as well as a control. Ethrel 1500 ppm took a minimal number of days to sprout 

(20.23), while untreated corms took the maximum numbers of days to sprout (25.33), and earlier flowering 

took place (87.87d) while blooming, whereas untreated corms took the maximum numbers of days observed 
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in gladiolus (Bhalla and Kumar, 2007). According to Kumar and Singh (2005), the length of the spike 

decreased linearly as ethrel concentrations increased. Umrao et al., (2006) found that the weight of gladiolus 

corm decreased linearly with increasing ethrel concentration, with the higher dose (750 ppm) resulting in a 

lighter corm (38.01 g) than the control (38.95 g), but the lower dose (250 ppm) resulting in a heavier daughter 

corm (40.91 g) than the control. 

  

Conclusion 

       
Through using various plant growth regulators to improve the physiological activities of ornamental plants, 

they can be cultivated all year long with desirable consistency. It is involved in the metabolism and distribution 

of solutes within the plant. Methods that will be pre-planting or subsequent spraying on the plant can be used 

in a developing area according to acceptability. Development regulators, especially for horticulture plants, 

have become an important part of cultivation practices. There are a variety of plant growth regulators available 

that can be used for a variety of purposes such as improve the germination time, increasing plant height, 

increasing self-life, producing more corms and bulbs per plant, reducing crop period, and so on, and they are 

ideal for use in different regions of the world.  
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