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Rapid breeding technology of flax based on light treatment and early harvest of immature capsules
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Abstract: Flax (Linum usitatissimum 1..) is an important oilseed crop in China, but its traditional breeding pro-
cess Is time—consuming and inefficient, which limits the development of new cultivars. To achieve rapid generation
advancement in flax, this study used 3 genotypes with distinct growth durations (Longya 13, Longya 15, and hlinum)
to systematically investigate the effects of different photoperiod - light intensity combinations on key growth stages,
agronomic traits, yield components, and seed quality. The potential of early harvest of immature seeds for shortening
the breeding cycle was also evaluated.Results showed that both photoperiod and light intensity exerted significant

2.57!) was the most effec-

regulatory effects on all growth stages. Among the treatments, T1 (24 h light, 714 pwmol+m~
tive, substantially shortening the period from emergence to maturity. Under this condition, the total growth durations

of the early-maturing Hlinum, the mid—maturing ‘Longya 13’, and the late—maturing ‘Longya 15’ were reduced to
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65 d, 77 d, and 82.3 d, respectively, allowing a theoretical annual generation turnover of 4-6 cycles. Light treatment
significantly affects agronomic and yield traits. Among these, the thousand—kernel weight of Longya 15 remained at
a relatively high level (5.43-7.33 g). Under the T2 treatment, the number of capsules per plant and the number of
seeds per capsule showed the best comprehensive performance, demonstrating the potential for maintaining an ideal
plant architecture. The response of quality traits was germplasm—specific. A longer dark period combined with low
to medium light intensity (T7) generally increased the lignan content to 8.81%—13.24%.Moreover, seeds harvested
12 d after pollination exhibited a germination rate of approximately 50%, providing a key technical basis for further
shortening the “seed—to—seed” cycle by more than 20 d. This study has established a rapid flax breeding system
that integrates the synergistic regulation of photoperiod and light intensity with early harvesting of young fruits. This

approach shortens the field growth cycle and enables accelerated generation advancement, thereby providing sup-

port for the efficient breeding and fundamental research of flax.
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Table 1 photoperiod intensity combination
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T1 24 hGHE 714
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23 hours light/1 hour dark
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1 AEXEH-HBEAST=AHRMRXBEEH

Fig.1 Key growth stages of three flax germplasms under varying photoperiod and light intensity combinations
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Fig. 2 Key agronomic traits of three flax germplasms under varying photoperiod and light intensity combinations
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Fig.3 Key yield traits of three flax germplasms under varying photoperiod and light intensity combinations
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Table 2 Key quality traits of three flax germplasms under different photoperiod and light intensity combinations /%
s s Eo auwk e EER o B e
Variety Treatment Protein Oil content  Oleic acid Linoleic Linolenic Lignans Stearic Palmitic acid
acid acid acid
CK 24.95ab 39.31a 33.54d 13.93a 43.79a 7.41d 4.64e 6.06d
T1 23.56hc 36.55¢ 41.60a 13.27a 37.84c 7.79¢d 7.38he 6.27cd
T2 22.70¢ 33.29d 40.07ab 13.83a 41.42ab 7.15d 9.21a 6.43cd
T3 25.99a 33.85d 38.71abe 13.98a 40.18be 4.98e 8.50ab 9.04a
B 13 5 T4 23.94be 38.05abe 36.29cd 13.96a 40.18be 7.42d 7.23be 7.75b
Longya 13 TS 22.35¢ 36.34c 37.82bc 14.14a 40.60abc 8.78be 6.64cd 7.51b
T6 23.62bc 37.10be 37.95be 13.43a 40.58abc 9.57ab 7.23be 7.07be
T7 23.61bc 38.55ab 37.71be 14.16a 42.10ab 10.30a 5.38de 9.30a
P 0.004 0.001 0.002 0.981 0.040 0.001 0.001 0.001
LSD 1.58 1.68 3.55 / 2.75 1.44 2.02 1.46
CK 24.61a 37.72ab 29.83e 13.40¢ 48.13a 6.66cd 4.71c 6.08bed
T1 22.55he 37.66ab 34.26¢ 14.40abc 48.53a 7.40¢ 6.23h 5.55d
T2 22.18¢ 34.52cd 33.96¢ 13.86hc 50.17a 5.88d 8.21a 5.88cd
T3 22.39¢ 32.98d 37.19a 14.69ab 4891a 5.85d 9.07a 6.58bc
Bg 155 T4 21.88¢ 37.24ab 32.56d 15.27a 49.83a 9.28ab 6.43b 7.03ab
Longya 15 TS 22.65bc 35.57he 35.65b 14.00bc 44.68b 6.78cd 5.88bc 6.92b
T6 23.45b 37.32ab 32.53d 14.47abc 47.59a 9.83a 6.57b 7.94a
T7 22.11c¢ 38.30a 34.85bc 13.71be 48.22a 8.81b 5.54be 6.61bc
P 0.018 0.001 0.001 0.055 0.014 0.001 0.001 0.001
LSD 0.952 2.27 1.05 / 2.16 1.45 1.59 1.07
CK 21.41ab 38.27ab 36.98ab 15.41a 38.02¢ 10.69b 7.01c 7.38ab
T1 20.11be 36.48bc 36.62ab 13.93ab 46.14ab 9.13be 7.95be 6.42b
T2 20.86ab 34.66cd 37.59a 14.01ab 45.35ab 9.39be 8.56ab 6.71ab
T3 21.90a 35.54d 37.32ab 14.41ab 43.95ab 791c 9.57a 8.01a
) T4 21.56ab 36.34be 37.37ab 14.98ab 42.76b 9.65hc 8.03be 7.54ab
linum TS 21.05ab 36.43bc 37.43ab 13.95ab 42.32b 9.96h 7.00¢ 7.64ab
T6 20.88ab 37.92ab 36.54ab 14.35ab 47.75a 11.09b 7.56he 7.40ab
T7 19.37¢ 39.89a 35.28h 13.31b 46.94a 13.24a 7.40¢ 7.26ab
P 0.039 0.001 0.283 0.296 0.001 0.001 0.001 0.013
LSD 1.48 2.24 / / 3.20 1.96 1.41 0.979

TE ARG PR 6] — il Bl [a] 2h B R] 22 53 2. 2% (P < 0.05)

Note: Different lowercase letters only mean significant differences between various treatments at 0.05 level for the same duration of treatment
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Table 3 Seed vigor of flax seeds at different maturity levels
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