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ABSTRACT
Speed breeding, a revolutionary technique in crop breeding, has gained significant attention for its potential to accelerate the development of improved wheat varieties. This abstract explores the concept, principles, techniques, and applications of speed breeding in wheat agriculture. By manipulating growth conditions, such as light, temperature, and photoperiod, speed breeding techniques facilitate rapid generation turnover and precise selection of desirable traits. Advantages include increased genetic gain per unit time and enhanced breeding precision, leading to the development of climate-resilient wheat varieties with improved yield, stress tolerance, and disease resistance. Successful case studies highlight the impact of speed breeding on wheat crop productivity and adaptation to changing environmental conditions. However, challenges such as technical scalability and genetic diversity preservation remain to be addressed. Future directions include the integration of genomic selection and phenotyping technologies, as well as the potential adoption of speed breeding in other crops and agricultural systems. Overall, speed breeding represents a promising approach to accelerate wheat crop improvement and address the challenges of food security and climate change in the 21st century.Top of FormTop of Form
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INTRODUCTION 
Speed breeding, a novel approach in crop breeding, has emerged as a promising technique for accelerating the development of improved wheat varieties. By reducing the breeding cycle and facilitating a quicker generational transition, this novel approach seeks to accelerate varietal development in response to the growing needs for climate resilience and food security. Accelerated plant growth and reproduction can be achieved by speed breeding, which modifies growth parameters including temperature, light, and photoperiod. Compared to conventional field-based breeding procedures, this leads to shorter crop cycles, allowing many generations of wheat to be produced and assessed in a much shorter amount of time.[Ghosh et al . 2018]
Comparing speed breeding to traditional breeding methods reveals a number of benefits. First of all, because breeders may choose and develop potential wheat lines more quickly via repeated generations, it allows for more genetic gain per unit of time. Furthermore, speed breeding improves breeding accuracy by facilitating the controlled evaluation of a greater number of genotypes and attributes, which results in the development of superior varieties with desired agronomic qualities including yield, stress tolerance, and disease resistance.[Hickey et al . 2019]
Notable progress has been made in varietal development as a result of the use of speed breeding in wheat crop improvement. The production of wheat varieties with superior features, such as increased yield potential, resilience to biotic and abiotic stressors, and adaptability to a variety of  different environmental circumstances, has been effectively accelerated by researchers through the use of speed breeding. In order to mitigate the negative impacts of climate change on wheat output in warmer places, Mondal, for instance, demonstrated how to apply speed breeding to quickly generate wheat lines with enhanced heat tolerance.[Mondal et al . 2018]
Speed breeding has limitations and obstacles even with its bright future. To get the best outcomes, technical factors including controlling plant nutrition, optimising growth conditions, and maintaining genetic variety are essential. In addition, it is imperative to tackle the issues of speed breeding systems' scalability and cost-effectiveness to enable a wider use by breeding programmes around the globe.[Watson et al . 2018]Top of Form

IMPORTANCE OF SPEED BREEDING IN WHEAT AGRICULTURE
In wheat agriculture, speed breeding has become a game-changing method that offers a viable answer to many of the problems that farmers and breeders confront. Through substantial reduction of the breeding cycle and a faster generation turnover, speed breeding facilitates the swift creation of enhanced wheat varieties featuring desired characteristics. This invention is especially important in light of climate change, as wheat cultivars that are climate-resilient are desperately needed. Research has shown that speed breeding may effectively accelerate crop research and breeding, leading to the generation of wheat varieties that are climate-resilient and able to survive harsh climatic circumstances. This has been proved in studies conducted by Watson and Ghosh.[Ghosh and Watson et al . 2018] 
Furthermore, by boosting wheat production and guaranteeing steady food supply for expanding populations, speed breeding plays a significant role in resolving concerns about food security. As a staple crop, wheat is essential to the world's food security, and speed breeding has greatly aided in the quick production of high-yielding varieties to fulfil the growing demand for items made from wheat. Furthermore, as studies like , speed breeding makes it possible for breeders to introduce genes for disease and pest resistance into new wheat varieties, increasing their resistance against common infections and pests.[Mondal et al . 2018]
LIMITATIONS OF CONVENTIONAL BREEDING APPROACHES
Although fundamental to crop improvement, conventional breeding methods have drawbacks that have prompted the creation and application of cutting-edge methods like speed breeding. A number of obstacles included in traditional breeding techniques hinder the effective creation of novel crop types. First of all, field experiments that are carried out across several growing seasons are frequently used in traditional breeding, which may be labour- and time-intensive. Many crop species, like wheat, have long generation periods and might take months or years to reach maturity, which adds to this protracted timescale.[Tester et al .  2010]
Moreover, because sexual reproduction is inherently unpredictable, traditional breeding techniques may have trouble producing desirable characteristic combinations. Relying too much on spontaneous genetic variation might lead to erratic results and make exact trait introgression difficult. Furthermore, it might be difficult to identify and choose better genotypes solely based on phenotypic qualities, particularly for complex traits that are impacted by environmental variables and controlled by several genes.[Varshney et al . 2005]
Furthermore, limited genetic variety within breeding populations frequently poses limitations to conventional breeding methods, especially for crops that self-pollinate. Narrow genetic bases can raise the likelihood of genetic sensitivity to biotic and abiotic stimuli and limit the availability of suitable alleles for improving a characteristic.[Mondal et al . 2016]Top of Form
Table 1: List of challenges in wheat crop improvement using traditional methods 
	Challenge
	Description

	Time-consuming field trials
	Field trials conducted over multiple growing seasons can be time-consuming and labor-intensive.[Van evert et al . 2017 ]

	Randomness of sexual reproduction
	Achieving desired trait combinations can be challenging due to the unpredictable outcomes of sexual reproduction.[Hickey et al . 2018]

	Limited genetic diversity within breeding populations
	Constrained by limited genetic diversity within breeding populations, particularly in self-pollinating crops like wheat.[Zeng et al . 2017]

	Long generation times
	Wheat has relatively long generation times, which can slow down the breeding process.[Li et al . 2020]

	Complexity of target traits
	Complex traits controlled by multiple genes and influenced by environmental factors pose challenges for precise trait introgression.[Paux et al . 2008]

	Difficulty in phenotypic selection
	Identifying and selecting superior genotypes based on phenotypic traits alone can be challenging, especially for traits with low heritability.[Montesinos -Lopez et al . 2018]

	Genetic vulnerability to biotic and abiotic stresses
	Narrow genetic bases can increase the risk of genetic vulnerability to pests, diseases, and environmental stresses.[Saintenac et al . 2013]

	Environmental variability
	Environmental factors such as temperature, moisture, and soil conditions can impact the expression of traits and complicate breeding efforts.[White et al . 2012]

	Lack of high-throughput phenotyping platforms
	Limited availability of high-throughput phenotyping platforms hinders the rapid and accurate phenotypic evaluation of large breeding populations.[Araus et al . 2014]

	Resource constraints
	Limited financial resources, infrastructure, and skilled manpower can impede the scalability and efficiency of breeding programs.[Atlin et al . 2017]

	Lengthy regulatory approval processes
	Regulatory approval processes for new crop varieties can be time-consuming and bureaucratic, delaying their commercialization.[Smyth et al . 2015]

	Inefficient trait introgression
	Incompatibility barriers and linkage drag can hinder the efficient introgression of desired traits into elite breeding lines.[Chiang et al . 2009]

	Limited access to genetic resources
	Access to diverse germplasm and genetic resources may be restricted, limiting the breadth of genetic variability available for breeding purposes.[Dempewolf et al . 2017]

	Lack of interdisciplinary collaboration
	Limited collaboration between breeders, geneticists, agronomists, and other stakeholders may impede the integration of diverse expertise and perspectives in breeding programs.[Des Marais et al . 2016]
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CONCEPT AND PRINCIPLES OF SPEED BREEDING
Speed breeding is a cutting-edge method that has drastically accelerated the breeding process, revolutionising the area of crop breeding. By modifying environmental factors to encourage quick plant growth and development, the idea of speed breeding makes it possible to cultivate and assess many crop generations much faster than using conventional techniques. This strategy works especially well for crops like rice, wheat, and barley that have extended generation periods.
The optimisation of critical growth parameters, including as light, temperature, photoperiod, and nutrient availability, to produce an environment that promotes quick plant growth and reproduction, is the foundation of speed breeding theory. Through meticulous manipulation of these factors in growth chambers or greenhouses, scientists may encourage plants to mature more quickly. For instance, prolonged photoperiods or continuous lighting regimes can promote continuous growth and shorten the time it takes for plants to go from the vegetative to the reproductive phases.[Ghosh et al . 2018]
One of the main benefits of speed breeding is that it may speed up generation turnover, which enables breeders to assess a lot of plant populations and characteristics in a short amount of time. Compared to traditional breeding approaches, this higher throughput makes it possible to identify desired features and select superior genotypes much more quickly. Furthermore, speed breeding allows for more flexibility and accuracy in breeding since the environment may be adjusted to meet the needs of certain crops and breeding goals.[Watson et al . 2018]
Top of Form
PRINCIPLES UNDERLYING ACCELERATED CROP BREEDING TECHNIQUES
A number of fundamental ideas underpin accelerated crop breeding methods, such as speed breeding, which are designed to improve genetic gain and speed up the breeding process. These tenets centre on controlling the environment, making the best use of resources, and taking use of technology breakthroughs. The core ideas of rapid crop breeding techniques are listed below:
Controlled Environmental Conditions: In order to provide crops the best growth circumstances possible, accelerated breeding techniques manipulate environmental variables such light, temperature, humidity, and photoperiod. Researchers can speed plant growth and development in growth chambers or greenhouses by adjusting these factors. This results in shorter breeding cycles and a higher generation turnover rate.[Cooper et al . 2014]
Continuous Growth Stimulation: Plants may be made to grow continuously by giving them longer photoperiods or continuous illumination schedules, which encourage continuous vegetative and reproductive development. In order to speed up the breeding process, breeders might shorten the time it takes for plants to mature and provide viable seeds by encouraging continuous development.[Crossa et al . 2017]
High Throughput Phenotyping: High throughput phenotyping techniques, which provide the quick and precise evaluation of plant features at different developmental stages, are emphasised in accelerated breeding procedures. Breeders may more easily detect desired features and choose superior genotypes thanks to advanced phenotyping technologies such automated phenotyping platforms, imaging methods, and remote sensing. These technologies also make it easier to collect vast amounts of phenotypic data.[Ghosh et al .2018]
Genomic Selection and Marker-Assisted Breeding: Rapid crop breeding is made possible by genomic selection and marker-assisted breeding methods, which facilitate the accurate identification and introgression of desired alleles into breeding populations. Breeders may speed up the selection process, shorten the generation turnover time, and improve breeding precision by using molecular markers connected to target qualities. This will ultimately result in quicker genetic gain.[Tardieu et al . 2017]
Integration of Interdisciplinary Expertise: Accelerated breeding techniques emphasize interdisciplinary collaboration between breeders, geneticists, agronomists, data scientists, and other stakeholders. By integrating diverse expertise and perspectives, breeding programs can leverage complementary knowledge and methodologies to overcome complex challenges, optimize breeding strategies, and maximize genetic gain.[Watson et al . 2018]
TECHNIQUES AND METHODS
One of the basic ideas behind improved breeding methods is the modification of growing circumstances to hasten crop development. Through the manipulation of environmental elements including light, temperature, humidity, and photoperiod, scientists may provide ideal circumstances for crop growth, resulting in accelerated plant development. This method is frequently used in controlled conditions, such as growth chambers, where factors may be carefully managed to promote continuous development and reduce the breeding cycle.[Ghosh et al . 2018] Furthermore, prolonged photoperiods or continuous illumination regimes are made possible by the use of artificial lighting, such as LED or fluorescent lights, which support continuous vegetative and reproductive development.[Watson et al . 2018 ] Researchers are able to perform tests year-round in these controlled conditions, which not only expedite the production turnover but also eliminate the limits imposed by seasonal fluctuations in natural light and temperature. Molecular breeding methods facilitate the quick discovery and introgression of desired characteristics into breeding populations, hence improving the efficiency of selection processes even more.[Crossa et al . 2017] By strategically adjusting growing conditions and using molecular technologies, breeders may accelerate the creation of better crop varieties with increased features, promoting agricultural sustainability and global food security.
Advantages of Speed Breeding
Speed breeding offers several advantages that revolutionize conventional breeding methods and enhance breeding efficiency. First of all, by modifying environmental circumstances to encourage quick plant growth and development, it permits quicker generation turnover. Compared to traditional approaches, this abbreviated breeding cycle allows breeders to assess a greater number of plant populations and attributes in a much shorter amount of time.[Watson et al . 2018 ] Speed breeding also makes it possible to identify and introduce desirable features more quickly, which speeds up the selection process and increases genetic gain per unit of time. Breeders can accelerate the development of superior crop varieties and attain higher rates of genetic improvement by maintaining regulated environmental conditions and stimulating growth continuously.[Ghosh et al . 2018] Furthermore, by offering more flexibility and control over experimental circumstances, speed breeding improves breeding programmes' accuracy. By adjusting environmental factors to particular crop needs and breeding goals, researchers may maximise breeding tactics and reduce resource waste.[Tardieu et al . 2018] All things considered, the benefits of speed breeding—such as quicker generation turnover, more genetic gain per unit of time, and improved breeding programme precision—make it an effective instrument for tackling global agricultural difficulties and guaranteeing food security.
Table 2: The information presented in tabular form with different properties
	Application
	Description

	Enhancement of Yield and Stress Tolerance Traits
	Speed breeding expedites the selection and introgression of traits associated with increased yield potential and resilience to environmental stresses such as drought, heat, and salinity.[Watson et al. 2018 ]

	Targeted Selection for Disease Resistance
	Speed breeding enables rapid phenotypic evaluation and molecular marker-assisted selection for disease resistance, facilitating the identification and incorporation of resistance genes against prevalent wheat diseases.[Borrill et al . 2019]

	Accelerated Development of Climate-Resilient Varieties
	By screening and selecting wheat germplasm with enhanced tolerance to heat, drought, and other abiotic stresses, speed breeding accelerates the development of climate-resilient wheat varieties.[Hickey et al . 2018]

	Rapid Introgression of Desired Traits
	Speed breeding facilitates the quick introgression of desired traits into wheat germplasm, allowing breeders to rapidly incorporate traits such as high yield, quality, and disease resistance into breeding lines.[Wingen et al . 2017]

	Exploration of Genetic Diversity
	Speed breeding enables the exploration of genetic diversity within wheat germplasm, allowing breeders to identify novel alleles and traits for crop improvement, leading to the development of genetically diverse wheat varieties.[Alaux et al . 2018]

	Accelerated Evaluation of Breeding Lines
	With speed breeding, breeders can rapidly evaluate numerous breeding lines for agronomic performance, disease resistance, and quality traits, enabling timely selection of superior genotypes for further advancement.[Li et al .2019]




SUCCESS STORIES AND CASE STUDIES
The successful implementation of speed breeding in wheat has resulted in remarkable advancements in crop productivity and adaptation to changing environmental conditions, as evidenced by various success stories and case studies. For example, speed breeding techniques have been used by researchers at the John Innes Centre in the United Kingdom to create wheat varieties with increased photosynthetic efficiency and higher nitrogen-use efficiency. These varieties have contributed to sustainable wheat production systems by demonstrating tolerance to nitrogen-deficient soils, exhibiting notable yield improvements, and incorporating genomic methods for trait selection. Furthermore, speed breeding has been effectively used by the International Centre for Agricultural Research in the Dry Areas to create wheat germplasm that is more resilient to heat stress and water constraint. Heat-tolerant genes have been found and introgressed into elite wheat lines by ICARDA breeders using quick phenotypic screening and marker-assisted selection. This has led to the introduction of heat-tolerant varieties that preserve yield stability in high-temperature environments. Beyond yield increases, speed breeding affects wheat crop productivity and adaptability by enhancing quality attributes and nutritional value. Speed breeding has been used by researchers at the University of Saskatchewan in Canada to create wheat varieties with improved nutritional profiles, including higher concentrations of micronutrients like zinc and iron. These biofortified wheat varieties offer improved nutritional benefits and have the potential to address micronutrient deficiencies in populations dependent on wheat-based diets.[Ward et al . 2019]
CHALLENGES AND LIMITATIONS
Speed breeding faces various challenges and limitations that need to be addressed to fully realize its potential in crop improvement. Technical challenges in scaling up speed breeding platforms present significant hurdles for widespread adoption. Establishing and maintaining specialized infrastructure such as growth chambers or controlled environments can be costly and require substantial technical expertise.[Ghosh et al .2018] Moreover, optimizing growth conditions for different crop species and varieties poses technical challenges, as environmental parameters must be carefully controlled to ensure optimal plant growth and development.[Dwivedi et al . 2018]
The possible effects of speed breeding on genetic variety and the long-term viability of crop development initiatives are a further source of worry. There may be less genetic variety in breeding populations as a result of accelerated breeding cycles that favour some features or genetic origins over others. The capacity of future breeding attempts to adapt to new difficulties like developing diseases and pests as well as shifting environmental circumstances may be hampered by this limiting of genetic variety.[Watson et al . 2018]
The long-term viability of speed breeding techniques is also a subject of worry, especially with regard to resource consumption and environmental effects. In order to maintain regulated development conditions, speed breeding frequently necessitates large inputs of energy, water, and other resources, which may not be environmentally sustainable over time. Furthermore, the adoption of intensive breeding techniques may make issues with synthetic input consumption and the environmental impact of agricultural production systems worse.
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FUTURE DIRECTIONS AND INNOVATIONS
The future of speed breeding holds promise with ongoing innovations and advancements poised to further enhance its effectiveness in crop improvement. The incorporation of phenotyping and genomic selection tools into speed breeding processes is one important area. Breeders may identify and select desired features more quickly, precisely, and efficiently by merging genetic information with high-throughput phenotypic data. Through this integration, breeders may quickly generate improved crop varieties that are suited to certain locations and end-user preferences by fully using the genetic diversity found within breeding populations.
Furthermore, speed breeding methods have a great deal of promise for use in agricultural systems and crops other than wheat. Although the focus of speed breeding has primarily been on cereals like wheat, barley, and rice, its principles may be applied to a variety of crop species, such as oilseeds, legumes, vegetables, and fruits. Speed breeding is an adaptable and scalable technique that may be used to address emergent issues like pests, diseases, and climate change while also speeding up crop development in a variety of agroecological situations. Through investigating the use of speed breeding in many crop types and cropping configurations, scientists might uncover novel prospects for augmenting agricultural output, durability, and adaptability worldwide.Top of Form
CONCLUSION
In conclusion, speed breeding has emerged as a powerful tool for accelerating wheat crop improvement, offering novel avenues to address key challenges and unlock opportunities for enhancing agricultural productivity and sustainability. Through the integration of genomic selection, high-throughput phenotyping, and controlled growth environments, speed breeding enables breeders to expedite the development of high-yielding, stress-tolerant wheat varieties tailored to specific agroecological contexts. By shortening breeding cycles and accelerating the introgression of desirable traits, speed breeding has demonstrated its efficacy in increasing genetic gain per unit time and enhancing the precision of breeding programs. Success stories and case studies from research institutions and breeding programs worldwide underscore the transformative potential of speed breeding in revolutionizing wheat breeding strategies and ensuring food security in the face of climate change and population growth.
Moving forward, the implications for the future of wheat crop improvement are profound. Speed breeding holds promise for further innovation and refinement, with ongoing advancements in genomic technologies, phenotyping platforms, and growth chamber technologies poised to enhance its effectiveness and scalability. The integration of speed breeding with emerging tools such as genome editing and machine learning presents new opportunities to accelerate the development of climate-resilient wheat varieties with enhanced nutritional quality and agronomic performance. Moreover, the potential for adopting speed breeding techniques in other crops and agricultural systems opens up new frontiers for enhancing global food security, promoting sustainable agriculture, and addressing pressing challenges facing humanity. Interdisciplinary collaborations among researchers, breeders, policymakers, and stakeholders will be crucial for driving innovation, overcoming technical barriers, and ensuring the equitable and sustainable deployment of speed breeding technologies to benefit farmers and consumers worldwide.
In summary, speed breeding represents a paradigm shift in wheat crop improvement, offering unprecedented opportunities to meet the growing demand for food in a changing world while addressing the complex challenges of the 21st century.
Top of Form
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