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Introduction. Homozygous lines are essential for breeding new cultivars in both self-pollinated
and cross-pollinated species, and they are also valuable in many biological studies. Accelerating
the development of high-yielding and stress-resilient wheat cultivars is indispensable for ensuring
food security under the constraints of climate change, urbanization, population explosion, and
emerging biotic and abiotic stresses. However, conventional breeding approaches are inherently
slow, typically requiring 12—14 years to develop a new cultivar, mainly due to the long generation
time of wheat and the need for multiple field seasons to achieve homozygosity and selection
accuracy. To overcome these temporal limitations, speed breeding has emerged as a transformative
technology that enables rapid generation advancement through controlled-environment cultivation
under extended photoperiods, intense light, and optimized temperature regimes allowing breeders
to produce up to six generations of wheat, barley, or other crops per year, compared with only 1—-
2 under normal field conditions. This technology is, however, less efficient in winter cereals due
to vernalization requirement. The objective of this study was to develop an effective speed
breeding protocol for winter wheat varieties.

Materials and Methods. Three winter wheat varieties, Zarineh, Gaspard, and Gascogen, three
vernalization methods and two lighting regime including 360 pmol/m?/s supplied by white LEDs
as well as 420 pmol/m?*s provided by white LEDs plus nearly 15% supplemental purple grow light
were tested in this study. Embryo rescue technique was employed by culturing immature seeds in
MS medium to further shorten the growth duration of the plants. Flowering and maturity time,
total leaves number, and grains/spike were measured. The experiment was analyzed in a split
factorial design with six replications.

Results and Discussion. Seed to seed generation time of Zarineh, Gaspard, and Gascogen was
shortened to 95, 110, and 125 days under light vernalization followed by speed breeding. These
periods were 114, 137, and 146 under cold vernalization while being 106, 124, and 136 under
cold-chemical vernalization. Speed breeding under a combination of white and grow light (with
126.6 days to maturity) accelerated the growth cycle more than solely white LED lights (with
130.7 days to maturity). Zarineh completed its embryo and seed maturity in just 82 and 95 days,
respectively, under speed breeding condition. Gascogen showed the longest generation time (154
days) under cold vernalization most probably due to longer vernalization requirement. The results
showed that foliar application of gibberellic acid led to 7-10 days decline in generation time
compared to conventional vernalization by cooling.

Conclusion. This study evidenced that 16-hour photoperiod, 420 umol m”s' light intensity
provided by a combination of white LEDs (85%) and purple grow light (15%) and 23/17° C
(day/night) temperature was the optimum speed breeding condition for winter wheat. Through
shortening the generation time to three months, this protocol makes it possible for the breeders to
advance four generations of winter lines per year.
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Figure 1. Speed breeding chamber.
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Table 1. ANOVA for some wheat phenological traits under speed breeding condition.

Mean Squares

Sources of variance

df Days to maturity Days to embryo maturity Days to heading

Block 5 14.19™ 18.31° 26.46 ™

Light 1 464.59" 655.14™ 227.12"

Errorl 5 1.74 3.11 8.24

Genotype 2 13723.27" 7757.67" 8558.92™
Vernalization 2 2618.67" 1956.02™ 2834.28"

Light<Genotype 2 97.81* 84.78" 18.1

nghtxvernahzatl.on . 2 135.39™ 57.81* 246.28"
Genotypexvernalization 4 171.94** 23.91* 74.06%*
Lightx Genotypexvernalization 4 5520 32 99** 86.14**
Error 2 80 4.09 5.98 27.55
Coefficient of variation - 0.95 1.85 2.28

SPgne g g doyd Sy ko iy Jlol s 3 )l gme o gy I gFE K
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Table 1. (continued).
Mean Squares
Sources of variance N .
df NO of Final leaves Kernels/spike

Block 5 047" 0.69 "

Light 1 30.08™ 52.08™

Errorl 5 0.38 52.08

Genotype 2 16.36:: 427.56™

Vernalization 2 1.36 35.39™
Lighxt*Genotype 2 12.25™ 53.69"
Lightxvernalization 2 1.19"™ 13.36™
Genotypexvernalization 4 0.76 145

Lightx Genotypexvernalization 4 2.90™ 1.09

Error 2 80 0.45 1.19
Coefficient of variation - 14.13 9.61
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Figure 2. The effect of lightqualityx varietyx vernalization on days to heading in wheat. Similar letters show nonsignificant means based on
Duncan’s test.
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Duncan’s test.
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Figure 6. The effect of light quality on days to maturity in wheat. Different letters show statistically significant means based on Duncan’s test.
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Figure 8. Growth cycle of Gaspard in speed breeding.
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Figure 9. Growth cycle of Gascogen in speed breeding.
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Figure 10. The effect of lightquality X varietyX vernalization on the number of leaves in wheat. Different letters show
significant means based on Duncan’s test.
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Figure 11. The effect of vernalization methods on the number of leaves in wheat. Different letters show statistically significant means based
on Duncan’s test.
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