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Speed breeding is an innovative agricultural approach that accelerates plant growth cycles under controlled
environmental conditions, enabling multiple generations of crops to be produced within a single year. This
technique integrates extended photoperiods, optimized temperature regimes, and controlled environments
such as greenhouses or growth chambers to significantly reduce generation time. The role of speed breeding
in crop improvement is profound, as it enhances the efficiency of plant breeding programs by rapidly
advancing generations, facilitating quicker selection of desirable traits, and shortening the time required to
develop new varieties. When combined with modern tools such as genomic selection, marker-assisted
breeding and gene editing, speed breeding enables faster incorporation of traits like high yield, disease
resistance, climate resilience, and improved nutritional quality. It also supports pre-breeding and research
activities by accelerating genetic studies and trait validation. Overall, speed breeding represents a
transformative strategy to meet the growing global demand for food security by expediting the development
of superior crop varieties in the face of climate change and population growth.
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ABSTRACT

Introduction
Plant breeding has had a significant impact on global

food production since the early 1900s and has been
essential to guaranteeing food security and safety (Tester
and Langridge, 2010). However, as a result of the
overwhelming food requirements for the fast-growing
human population, issues with food quantity and quality
have emerged globally in recent years. Additionally, heat
and drought stress are being brought on by drastic weather
fluctuations brought on by global climate change; as a
result, farmers worldwide are experiencing large
production losses (Von Braun et al., 2005). Food
manufacturing departments are under more strain as a
result of developed nations’ greater agricultural production,
which partially satisfies their food needs (Voss-Fels et
al., 2019). Plant with desired characteristics can be
developed through plant breeding (Cheema, 2018). For
the past 10,000 years, mankind has utilized artificial plant
selection to choose and develop plants with superior
nutritional contents (Moose and Mumm, 2008). The
current level of annual yield enhancement in key crop

species (which ranges from 0.8 to 1.2%) needs to be
doubled in order to meet the steadily rising demand for
plant-based products (Li et al., 2018).

Various strategies have been employed to reduce the
length of plant reproductive cycles. Plant breeding has
been demonstrated to be accelerated by new methods
created in this decade, including genomic selection, high-
throughput phenotyping (HTP) and current speed
breeding. Using gene transformation, genetic engineering
and molecular techniques have also contributed to the
development of crops with desired traits (Majid et al.,
2017).
Methods of speed breeding utilization in breeding
programme

Even though this chapter covers a wide range of
techniques for reducing generation time, their use is still
restricted for some crops, such as sugar beet, which has
a biennial life cycle. Researchers have shown that adding
genes that promote rapid blooming can speed up the
generation of inbred lines in this species. Under continuous
light conditions (24-hour photoperiod), the Bd gene causes
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early flowering without vernalization in sugar beet. In
the field, this feature stays dormant, preventing early
bolting. Complete plant development can be achieved in
four months by including this gene into SB procedures
(Kroupin, 2024). The kind of viral vector and the particular
FT homolog employed determine the method’s
effectiveness; heterologous FT genes are more
successful since they lessen the RNA silencing of
endogenous genes (Deng et al., 2024).
Practical application of the speed breeding

Speed breeding (SB) is a popular and widely used
technique in plant breeding, genetics, and other areas of
plant research because of its benefits, which include rapid
plant vegetation, an accelerated transition to the next
generation in shorter timeframes, synchronized flowering,
the formation of viable seeds, and the ease of use and
affordability of the developed protocols.
Hybridization and segregation of hybrids into lines

Flowering synchrony within a single genotype and
across many genotypes is made possible by SB
circumstances (Watson et al., 2019). Many crossings,
particularly those in remote hybridization, are made
possible by the SB’s capabilities. These circumstances
result in a high seed set and strong germination of the
hybrid seeds that are produced (Marenkova, 2024).
Under SB conditions, seed germination and the timing of
phenological stages do not change from generation to
generation. Molecular markers can be used to confirm
hybridity when obtaining F1 hybrids (Mobini et al., 2016).
F1 hybrids created by crossing a father genotype carrying
a dominant trait with a maternal genotype carrying a

recessive trait can also be evaluated phenotypically (Edet
and Ishii, 2022). The SSD approach is perfect for
separating hybrids into pure lines in SB conditions.
Following hybridization, the process usually entails
producing a high number of F1 hybrid seeds in the second
growth cycle, transplanting all of the seeds (250–1000
plants) in the third growth cycle, and then replanting one
seed per plant over three to four cycles. Rapid and
extensive line generation is made possible by this technique
for both genetic research and breeding evaluation (Ficht
et al., 2023).

To prevent bottleneck circumstances, no parallel
selection is done when establishing recombinant inbred
lines for genetic research. On the other hand, selection
based on phenotypic variables that demonstrate a high
link between SB and field conditions may be used to
produce breeding lines. Modern digital phenotyping
techniques can be used in addition to traditional
phenotyping, which is done visually or by manually
measuring several plant properties. Genotyping can also
be used for plant selection and culling in segregating
populations (Watson et al., 2019).
Genomic selection

When compared to conventional techniques, genomic
selection is one of the most promising approaches. Due
to recent developments in affordable, high-throughput
SNP chips and NGS-based platforms for genotyping large
segregating populations, this strategy is becoming more
and more realistic for breeding (Li et al., 2018). The
main benefits of genomic selection are its high breeding
efficiency for quantitative traits (such yield and disease
resistance) that are controlled by several loci, each of
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Fig. 1 : Comparison in Timeline of Conventional and Speed breeding (Samantara et al., 2022).
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which has a little impact on trait expression. Due to the
difficulties of phenotyping, these quantitative features are
usually assessed later in the breeding process, therefore
genomic selection provides an extra advantage (Watson
et al., 2018)
Evaluation of plant resistance to pathogens

Plant resistance to several diseases under SB and in
the field after artificial inoculation is strongly correlated,
according to numerous experiments. For instance, there
was a strong association between field-based measures
and the disease response to leaf rust seen in wheat plants
grown under SB (regression analysis, R2 = 0.77) (Riaz et
al., 2016). Fusarium head blight (FHB) and yellow spot
(YS) in wheat showed similar outcomes: phenotypes
evaluated under SB and field settings showed a good
association (Dinglasan et al., 2016).
Evaluation of phenotypic expression of
agronomically valuable traits

Selection based on the majority of phenotypic traits
cannot be carried out as in traditional field breeding in
the SB, which mainly features environmental elements
atypical of field circumstances. For example, experimental
data indicates that features like wheat awn length and
spikelet quantity per spike do not correlate with SB (Cha
et al., 2023). Nonetheless, some characteristics that are
expressed under SB show a strong association with field
performance, allowing for efficient selection in the
accelerated development system. Furthermore, plant trait
expression is constant and unaffected by weather
variability because SB provides stable growing conditions
across generations (Watson et al., 2018). Preliminary
experiments are carried out employing contrast collections
that show differential expression of desired traits in order
to assess the viability of trait selection under SB. These
studies contrast multi-year field data with phenotypic
performance under SB (Hickey et al., 2017).
Steps involved in speed breeding

The process of speed breeding entails establishing
ideal growing circumstances for plants in regulated
settings in order to hasten their development. The essential
elements of the fast-breeding procedure are outlined in
the following steps:

 Plant Material Selection: Select the desired crop
or plant species for fast breeding enhancement.
Think about the particular objectives,
characteristics, and difficulties related to the
target crop (Ahmar et al., 2020).

 Establish a controlled environment, such a
greenhouse or growth chamber, where

environmental variables can be accurately
controlled. To establish ideal circumstances for
plant growth, regulate lighting, temperature,
humidity, and nutrition levels. (Ragaveena et al.,
2021).

 Illumination Manipulation: To increase
photosynthetic activity and prolong the
photoperiod, use artificial illumination. Utilize light
sources with certain spectra that encourage plant
growth and development, such as high-intensity
light-emitting diodes (LEDs) (Paradiso and
Proietti, 2022).

 Control of Temperature and Humidity: To
establish ideal growing conditions for plants,
maintain ideal levels of temperature and humidity.
Depending on the desired crop and its growing
requirements, these circumstances could change.
(Chaudhary et al., 2011).

 Preparing and Planting Seeds: Make sure the
seeds are viable and of high quality before planting
them. To improve germination rates and
uniformity, treatments like scarification,
stratification, or Primiring may be used. Plant
the seeds in trays or suitable growth media.
(Afzal et al., 2016).

 Crop Management: Throughout the crop’s
growing cycle, keep a close eye on it. This
includes fertilizing, watering, and shielding the
plants from illnesses and pests. To maximize plant
growth and development, keep the growth
environment constant. (Lutaladio et al., 2009).

Fig. 2 : Main speed breeding components and their utilization
in plant research (Aggarwal et al., 2025).
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 Accelerated growing Cycle: Modify the growing
circumstances to shorten the time needed for
each plant generation in order to speed up the
breeding process. Reduce the length of the
vegetative and reproductive stages by modifying
the temperature, illumination, and availability of
nutrients. This enables several plant generations
to occur in a single year.

Speed Breeding (Time-saving Tools) for
accelerating Plant breeding

Technologies to speed up plant development and
generation turnover are required because the majority of
plant species impede their applicable research and
breeding activities. All plant scientists were inspired by
NASA’s efforts in the early 1980s. The phrase “speed
breeding” was first used in 2003 by researchers at the
University of Queensland to describe a set of techniques
designed to speed up wheat breeding. Several crops are
presently undergoing the development of speed breeding
techniques (Watson et al., 2018). Unlike doubled haploid
(DH) technique, which produces haploid embryos to
provide totally homozygous lines, speed breeding is
appropriate for a variety of germplasm and does not
require specialized equipment for in vitro culturing
(Slama-Ayed et al., 2019). The idea behind speed
breeding is to shorten the generation time by using annual
seed harvesting in conjunction with optimal light intensity,
temperature, and daytime length control (22 hours of light,
22 °C Day/17 °C night, and high light intensity) to increase
the rate of photosynthesis, which directly stimulates early
flowering. (Watson et al., 2018). The control of flowering
is largely dependent on the wavelength and intensity of
light (Weller et al., 2001). We developed early- and late-
flowering genotypes for peas, chickpeas, faba beans, and
lupins under controlled conditions using various parts of
the light spectrum (blue and far red-improved LED lights
and metal halide). The declining red: far red-red
percentage (R:FR) was positively correlated with these
species. Consequently, the most inductive light in the FR
area has the most power (Ribalta et al., 2017). Generally
speaking, light with a high R:FR (from fluorescent lamps,
for example) decreases stem enlargement and boosts
lateral branching, while light with a low R:FR (from
incandescent lights, for example) significantly increases
stem elongation but prevents lateral branching and
flowering. FR controls this activity, and phytochrome FR
(Pfr) is mediated by blue light. Additionally, phytochrome
R (Pr) mediates the action of R light on flowering
suppression (Moe et al., 1990). Certain environmental
cues, such short days or vernalization like RGA, have
been used in species-specific protocols to trigger early

blooming (Samineni et al., 2019). Fast generation cycle
by prolonged photoperiod and greenhouse tactics under
controlled settings were contrasted with in vitro and in
vivo strategies (Ochatt et al., 2002). Compared to the
creation of DHs, speed breeding can be used to create
repeated generations of enhanced crops for field testing
using SSD at a lower cost. Gene insertion (common
haplotypes) of diverse phenotype.
Futures of Speed Breeding

Even if conventional methods are still used in current
plant breeding, new methods will surely improve its
efficacy and efficiency. We can anticipate the
development of a variety of methods utilizing
multidisciplinary principles in the future to enhance their
advantages. To maintain the diversity of our food, Fibre,
and biobased economy, crop production strategies,
breeding techniques, field testing methodologies,
genotyping technology, and even facilities and equipment
must be applied across crop species. Plant breeding and
cultivation have undergone a sea change since the
discovery of CRISPR/Cas9, CRISPR/Cpf1, base-editing,
and RGA, which have transformed molecular biology and
its creative uses in agriculture. In a mechanism known
as “gene drive,” GMOs can positively spread a selected
gene throughout natural populations.

All things considered, CRISPR-based gene drive
systems will eventually prove advantageous to humanity.
For example, as plant cultivars resistant to insect pests
and pathogens and tolerant to herbicides are developed,
they will curb the spread of invasive species, avoid
epidemics, and enhance agricultural practices. Speed
breeding can help improve current genome editing
methods (e.g., CRISPR/Cas9 could knock out genes
responsible for late blooming). In order to produce
transgenic seeds as soon as feasible, the transgenic plant
might be grown under speed breeding circumstances

Fig. 3 : Comparison of the amount of time (measured in months)
needed to create elite lines for cereals, legumes,
oilseeds, leafy vegetables, roots, tubers and bananas
(Watson et al., 2018).
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instead of the typical glasshouse settings following the
successful transfer of Cas9 into the plant. Stable
homozygous phenotypes can be obtained with this
strategy in less than a year. Additionally, since it often
takes many years to develop a GMO crop, this strategy
also reduces generation time. However, a shift in the
pace of genetic gain could result from more effective
breeding techniques that combine both technologies.
CRISPR/Cas9, which is based on speed breeding and
genome editing, will therefore probably become more
common. It will be an essential method to acquire plants
with certain desired characteristics and help us achieve
our global zero-hunger goals. Innovation development is
frequently applied to a small number of significant
economic crops, which call for particular modifications
to the method of reproduction and propagation as well as
the “process” of the new line development for the different
crops of interest.

biotechnological applications, and numerous specialized
experiments ranging from photobiological research to
agrochemical testing and physiological investigations.

Speed breeding involves more advantages in Rapid
generation advancement, faster crop improvement,
development of disease-resistant varieties, climate-
resilient crop improvement, breeding of high yield
varieties, seed production efficiency, supports modern
techniques, reduce breeding cycle time and improve food
security compared to conventional breeding.
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