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SUMMARY  
     The global demand for food is escalating rapidly due to population growth, climate change, and 

diminishing arable land, necessitating innovative approaches in crop improvement. Speed breeding is a cutting-

edge technique that accelerates plant growth cycles through controlled environmental conditions. It highlights 

how this technology enables 4-6 crop generations of crops to be cultivated within a single year, thereby 

compressing breeding cycles and fast-tracking the creation of climate-resilient, nutrient-dense, and high-

productivity cultivars. It further explores the synergy between speed breeding and modern technologies like 

genomic selection, CRISPR-Cas9 gene editing, and predictive analytics, showcasing how this integration 

enhances its pivotal role in addressing food security and sustainability challenges. Ultimately, this work 

underscores the "magic" of speed breeding as a revolutionary force in modern agriculture, poised to reshape the 

future of crop science and global food systems. 

 

INTRODUCTION 
The year 2050 is fast approaching, and to sustain a global population of 10 billion, we must boost farm productivity 

by 60%. This requires doubling the genetic improvement rate in crop-breeding programs to create new varieties that provide 

higher yields and are more resilient to climate change. In recent decades, conventional breeding programs have taken longer 

to develop generations and release cultivars that withstand biotic and abiotic stressors. Although marker-assisted breeding 

can reduce growing time, it's not considered a major biotechnological breakthrough. To address this issue, speed breeding 

has emerged as a solution. This accelerated growing method employs controlled temperatures, photoperiods, and 

micronutrient applications to reduce crop growth duration significantly. Speed breeding effectively accelerates the 

development of inbred cultivars by minimizing the time needed to progress breeding materials from one generation to the 

next. Researchers can promote rapid growth and early flowering in plants by enhancing growing conditions and/or utilizing 

plant hormones. Techniques for accelerating generation advancement have been documented across various crops, including 

cereals, legumes, and oilseeds.  

 
Speed breeding is an innovative approach to accelerate crop varieties' improvement. It involves creating an artificial 

environment with extended light durations to simulate a longer day, which helps manipulate the life cycles of photoperiod-

sensitive crops. Developing a new variety using conventional methods typically takes about eight to ten years, but speed 

breeding can reduce the generation cycle by two to three times. Recent research indicates that this technique allows for six 

generations of wheat, barley, peas, and chickpeas, as well as four generations for canola (Watson et al., 2018). The origins of 

speed breeding can be traced back approximately 150 years, when botanists first demonstrated that plants could grow under 
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artificial light. Subsequent studies focused on the effects of light on various plant species. In the mid-1980s, NASA partnered 

with Utah State University to investigate the rapid growth cycles of plants under constant light on the space station, 

particularly wheat, leading to the development of the USU-Apogee variety. Simultaneously, Russian scientists proposed the 

idea of space mirrors (Wanga et al., 2021). In 2003, inspired by NASA's findings, Queensland University introduced the term 

"speed breeding" to describe this technique of converting night into day. 

Speed breeding protocols are designed for various crop varieties and focus on optimising chromosomes with ideal 

light quality, intensity, and temperature. These conditions enhance photosynthesis, thus promoting growth and breeding. In 

addition to accelerating growth, it also offers numerous advantages over traditional methods, such as quicker back crossing, 

trait pyramiding, and streamlined transgenic pipelines (Chaudhary & Sandhu, 2024). The first spring wheat variety 

developed through speed breeding, named „DS Faraday,‟ was introduced in Australia in 2017. The adoption of speed 

breeding has surged, as it can be integrated with various technologies to boost crop growth under controlled temperature and 

light. This method also enables the development of disease-resistant crops. 

 

 
                   Speed breeding facility unit at Tamil Nadu Agricultural University, Coimbatore 

 

 
Standard procedures for the speed breeding program 
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Speed breeding + Integrated phenotyping = Yield improvement 

 Phenotyping refers to the assessment of complex plant traits associated with growth, development, and the various 

characteristics that underlie complex trait evaluation. Variations in global temperatures throughout the year significantly 

influence agricultural output, resulting in food scarcity and challenges for the affected populations. Experimental research 

conducted in Australia, where there has been a noticeable increase in temperature and a decrease in rainfall, aimed to analyse 

the effectiveness of combining phenotyping with speed breeding to enhance root adaptation to changing environments and 

water constraints (Vala et al., 2023). A multipurpose strategy was employed to boost yields by integrating phenotyping and 

speed breeding. The findings revealed that the development of over 1,000 recombinant inbred lines of wheat was expedited 

to generation within just 18 months. This research provides strong evidence that integration of these methods will accelerate 

genetic progress regarding improved adaptation to environments with limited water resources.  

 

Speed breeding + Gene editing = Crop improvement 

Traditional plant breeding techniques have proven effective in creating better crop varieties. Nonetheless, modern 

agriculture faces a decline in genetic quality due to ongoing selection and extended practices. This phenomenon significantly 

limits crop quality improvement (Haroon et al., 2019). In this regard, genome editing technology has become an essential 

tool. Gene editing involves techniques that alter the genetic makeup of specific crop species to boost their yield. Many 

studies have explored the potential of CRISPR/Cas, which allows for targeted genetic diversity across several loci. The 

CRISPR/Cas method provides innovative ways to promote genetic diversity, with the ability to multiplex, facilitating 

simultaneous changes at various targets. This technology tackles specific issues in crop production, allowing for the creation 

of high-yield varieties (Hussain et al., 2023). However, it's crucial to recognize that this process requires substantial time and 

effort. Thus, combining genome editing with speed breeding offers a promising strategy to overcome these challenges, 

enabling the production of multiple generations within a single year. 

 

Speed breeding +SNP marker assisted selection = to reduce salt tolerance 

 Climate change is expected to exacerbate various abiotic stresses on plants, such as salinity, heat, and drought, ultimately 

hindering growth. Rice is known to be particularly sensitive to salt. Salinity significantly affects metabolism, growth, and 

productivity on a global scale. (Rana et al., 2019) conducted a study aimed at enhancing the salt tolerance of a locally 

cultivated rice variety. This process is gradual and requires time. In this experiment, the hst1 gene was precisely introgressed, 

facilitating the transfer of salinity tolerance from the “Kaijin” variety to the high-yielding “Yukinko-mai” (WT) rice through 

single nucleotide polymorphism (SNP) marker-assisted selection. The technique employed was biotron speed-breeding.   

 

Speed breeding + Backcross + Marker-assisted selection = Multiple disease resistance 

 To better address the changing climate and emerging pathogens, plant breeders are investigating different approaches to 

improve crop production quality. Some researchers have implemented innovative methods for quick trait introgression in the 

two-rowed barley cultivar Scarlett. They utilized four donor lines that introduced various disease resistances through an 

updated backcross strategy. This strategy combined phenotypic multi-trait screening with rapid generation advancement 

technology, termed „speed breeding.‟ As a result, they successfully developed 87 BC1F3-4 Scarlett introgression lines (ILs) in 

just two years. 

 

Speed breeding vs. other breeding techniques 

 Plant breeding strategies that utilise existing genomic variation in plants to generate a variety within eight to ten years can 

reduce genetic variability in the plant's genome. Traditional breeding methods cannot meet the ever-increasing demand for 

grain crops. It is crucial to enhance breeding processes to accelerate food production. To improve agricultural traits, several 

conventional and molecular breeding strategies are employed. CRISPR/Cas9, CRISPR/Cpf1, prime editing, base editing, 

Cas9 epigenetic modification, and various additional transgene-free genome editing techniques have been developed by 

molecular researchers. These genome editing technologies can enhance desired traits with precision and speed. Furthermore, 

a newly developed breeding technology known as “speed breeding” has revolutionised agriculture by shortening the crop 

cycle. Reduced breeding cycles (the time between crossing and selecting progeny to be used as parents for the next cross) 

and a decrease in the number of cycles needed to develop new varieties can aid breeders and researchers in making faster 

progress. Recent improvements in breeding techniques, such as genetic engineering, genomic selection, and doubled-haploid 

technology, have decreased breeding cycles and increased genetic gain rates in crops like wheat, rice, and maize. When 

paired with speed breeding techniques, which facilitate rapid generation advancement by cultivating plant populations under 

controlled photoperiod and temperature regimes to hasten their growth and development, they can have an even greater 

impact. Plant breeding has been vital in ensuring food security and safety since the early 1900s and has significantly 

influenced the global food supply. To meet the rising demand for plant-based products, it is essential to double the current 

annual yield enhancement levels for significant crop species (ranging from 0.8 to 1.2 per cent). Plant breeding has 

accelerated through novel strategies developed in the last decade, such as genomic selection, high-throughput phenotyping 

(HTP), and contemporary speed breeding. Gene transformation has also been utilised to produce crops with desirable traits 

using genetic engineering and molecular technologies. Additional strategies have been suggested to enhance the breeding of 

http://www.agricosemagazine.com/


   AgriCos e-Newsletter (ISSN: 2582-7049)                                         06 (07) July 2025

                                                                                                  4 www.agricosemagazine.com
 

commercially significant crop species, including cisgenesis, intragenesis, polyploidy breeding, and mutant breeding, as well 

as large-scale sequencing, genomics, rapid gene isolation, and high-throughput molecular markers. Traditional breeding 

methods are insufficient for developing new plant varieties through plant genome improvement. Since the 1990s, molecular 

markers have been employed to identify superior hybrid lines, overcoming this obstacle in plant breeding practices. The 

artificial selection and breeding of this particular attribute by the plant breeder are necessary to enhance the plant phenotype 

for specific desirable traits. Generally, breeders favour diploid or diploid-like characteristics (such as in maize and tomatoes) 

over polyploid traits (like alfalfa and potatoes), which exhibit more complex genetics. Breeders tend to favour crops with 

shorter reproductive cycles, enabling the production of multiple generations within a single year, thereby resulting in faster 

artificial breeding of desired phenotypes compared to crops that reproduce only once a year or perennial plants that 

reproduce only every few years. 

 

CONCLUSION 

To feed the growing population, ensuring food security is a significant concern. Advances in plant breeding offer 

solutions for developing high-yielding, disease-resistant, and nutritious cultivars more quickly. Crop development is crucial 

for boosting yield to meet food demands. Traditional breeding improves crops but is lengthy and complex, often failing to 

keep pace with rising demand. Breakthroughs in genome editing, like CRISPR and Cas proteins, have created a new era in 

plant breeding.  Researchers use speed breeding and high-throughput phenotyping strategies to enhance breeding efficiency. 

Speed breeding optimises light and temperature to improve yield and develop disease-resistant varieties. It allows faster 

release of multiple generations, streamlining the genetic advancement process. To effectively implement speed breeding, 

reducing labour and facility costs is vital. Combining speed breeding with traditional methods can enhance the selection of 

elite lines with better yield and nutritional quality. However, many developing countries face barriers like a shortage of 

skilled breeders and inadequate infrastructure, which hinder speed breeding adoption. Currently, there is insufficient 

government support to encourage speed breeding initiatives. Integrating speed breeding with other methods and cost-

effective genotyping can accelerate the release of new crop varieties.   
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