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| ABSTRACT

Chrysanthemum (Chrysanthemum morifolium) is an ornament crop that is widely grown in the world. Though of
economic and aesthetic significance, uniform flowering continues to be a significant challenge with commercial
cultivation regimes. The development of flower in chrysanthemum is controlled by a complex of photoperiodic,
nutritional, environmental and genetic factors. Being a short-day plant, it needs continuous dark phases to trigger
floral initiation that is mediated by phytochrome signal pathways and the main genes such as flowering locus T (FT),
constans (CO), and suppressor overexpression constans 1 (SOC1). Night lighting may cause the disruption of these
pathways and postponement flowering. Alteration of nutrient balance, especially high nitrogen, deficiency in
phosphorus, potassium and micronutrients, shift the plant metabolism to vegetative growth at the cost of
reproductive growth. Other environmental stress factors like heat, drought, salinity and pollution also reduce
flowering through hormonal and oxidative impairments. The development of controlled-environment agriculture,
precision cultivation, and genome editing offers promising methods of flowering stabilization. This review brings
together existing information and the importance of integrative management approaches to sustainable production
of chrysanthemums.
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1. Introduction

Chrysanthemum (Chrysanthemum morifolium) is a very popular crop in the world floriculture sector because of its
versatility, variety of cultivars, and popularity (Zhang et al., 2021; Chen et al,, 2023). Nevertheless, the abnormalities
in flowering are often noted in both field and controlled systems of cultivation. Uneven bud growth, retarded
initiation of floral, or total failure is often observed under unfavorable conditions by growers.

The induction of floral in chrysanthemum is a multi-factorial process. The interactions between the environmental
cues, nutrient status and genetic regulation influence when and whether flowering is successful (Smith and Johnson,
2019; Biology, 2022). Such interactions are continuously changing and even minor variations in a factor can greatly
change results. In current intensive farming, there are other challenges of urban light pollution, changing weather
conditions and soil limitations, and combined solutions are necessary.
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2. Photoperiodic Regulation and Light Management

Chrysanthemum is a qualitative short-day plant, which needs long continuous dark periods to induce floral (Higuchi
et al,, 2012). Photoperiod perception is mediated by phytochromes, which controls the expression of FT, CO and
SOCT genes (Oda et al., 2020; Sun et al., 2023).

Controlled lighting systems that use LEDs and blackout curtains have proven highly effective in controlling
flowering and enabling the production throughout the year (Hwang et al., 2020; SharathKumar et al., 2021). A
combination of spectral manipulation and photoperiod regulation gives greater predictable flowering.

3. Nutrient Dynamics and Soil Health

Effective nutrient control is essential in the initiation and growth of flora. Nitrogen promotes vegetation and retards
blossoming (Dorajeerao et al., 2012). Phosphorus and potassium help to transfer energy and develop buds and
flowers, and improve their quality and resistance to stress, respectively (Su et al., 2021; Zhang et al., 2018).

Boron, zinc, and iron are micronutrients that are required to participate in the pollen viability, hormone synthesis,
and photosynthesis (Gao et al, 2023; Jamil et al., 2022). The nutrient availability is further determined by soil
characteristics, such as pH (6.06.5), the amount of organic matter, and microbial activity (Sarkar et al., 2024). It is
suggested to use organic amendments, biochar, and inoculants composed of microbes to improve the soil fertility
and stable flowering (Sarkar et al., 2024; Zhang et al., 2018).

4. Environmental Stressors

Abiotic stress conditions have a great impact on flowering. An extreme high temperature (>30 o C) inhibits FT
expression and promotes oxidative stress, and low temperature influences hormonal balance and flowering (Huang
et al, 2026; Nakano et al, 2013). Water deficit slows down the rate of photosynthesis and postpones bud
development, but waterlogging may cause root damage by hypoxia (Huang et al., 2026; Zhao et al., 2018).

Heavy metal and salinity pollution alters the ability to take up nutrients and diminishes flowering performance (Li et
al., 2026; Wang et al., 2017). Other negative effects of air pollution, such as exposure to ozone, have adverse effects
on physiological performance and reproductive success.

5. Cultivation Practices and Biotic Factors

Flowering is directly affected by the agronomic practice that includes planting density and pruning. The density
leads to a small size of the flowers and number of buds as a result of competition over light and nutrients (Joshi et
al, 2021). The untimely pruning will eliminate active meristems, and flowering will be delayed (Dorajeerao &
Mokashi, 2012).

Flowering may also be compromised by pest pressure due to the damaging tissues or virus transmission by aphids,
thrips, and other insects (Bethke et al., 2020; He et al, 2020). A combination of biological control, selective
pesticides, and cultural control (integrated pest management, IPM) is necessary to have a sustainable ornamental
production (van Lenteren, 2019).

6. Genetic and Hormonal Regulation

The process of flowering is regulated with the help of a complex of genes, among which there are FT, CO, and SOCT
(Moon et al,, 2005; Quiroz et al, 2021). Flowering further is modulated by hormones: gibberellins tend to slow
flowering, cytokinins tend to induce bud development, and abscisic acid tend to delay flowering under stress
conditions (Domagalska et al., 2010; Quiroz et al., 2021).

The latest research on CRISPR-Cas9 offers encouraging methods on how to alter flowering time and stress traits in
ornamental crops like chrysanthemum to create day-neutral or stress-tolerant plants (Kishi-Kaboshi et al., 2017).
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7. Climate Change and Future Perspectives

Global warming also brings new variability in flowering with temperature variations, changed precipitation, and
increased stress on the environment (Cleland et al, 2007). Light pollution and soil degradation are the
consequences of urbanization, and they also have an impact on the physiology of plants (Bennie et al., 2016).

The opportunities to reduce the impact of these effects and ensure stable flowering include advanced solutions
(vertical farming, smart greenhouses, and real-time environmental monitoring) (Harbinson, 2024; Waseem, 2026).

8. Conclusion

Chrysanthemum flowering failure is a complex process caused by interplay of photoperiod, nutrition, stress in the
environment, and genetics. To handle this problem, an integrative concept that involves the optimization of
cultivation methods, stress-reduction techniques, and new technological solutions like genome editing and
precision agriculture is necessary. The strategies can be used to guarantee stable and high-quality flowering and
sustainable production of ornamentals in unstable environmental conditions.
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