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LED 7|8t Z[Glycine max (L.) Merr.] MICHEEE A|AE 1ES QI5t X4 MH
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Establishing Optimal Conditions for LED—Based Speed Breeding System in Soybean
[Glycine max (L.) Merr.]
Gyu Tae Park™, Ji-Hyun Bae®', Ju Seok Lee®, Soo—Kwon Park®, Dool-Yi Kim®, Jung—Kyung Moon*, and Mi-Suk Seo®"

ABSTRACT Plant breeding is a time-consuming process, mainly due to the limited annual generational advancement. A speed
breeding system, using LED light sources, has been applied to accelerate generational progression in various crops. However,
detailed protocols applicable to soybeans are still insufficient. In this study, we report the optimized protocols for a speed breeding
system comprising 12 soybean varieties with various maturity ecotypes. We investigated the effects of two light qualities (RGB
ratio), three levels of light intensity (PPFD), and two soil conditions on the flowering time and development of soybeans. Our
results showed that an increase in the red wavelength of the light spectrum led to a delay in flowering time. Furthermore, as light
intensity increased, flowering time, average internode length, and plant height decreased, while the number of nodes, branches,
and pods increased. When compared to agronomic soil, horticultural soil resulted in an increase of more than 50% in the number
of'nodes, branches, and pods. Consequently, the optimal conditions were determined as follows: a 10-hour short-day photoperiod,
an equal RGB ratio (1:1:1), light intensity exceeding 1,300 PPFD, and the use of horticultural soil. Under these conditions, the
average flowering time was found to be 27.3+2.48 days, with an average seed yield of 7.942.67. Thus, the speed breeding systems
reduced the flowering time by more than 40 days, compared to the average flowering time of Korean soybean resources
(approximately 70 days). By using a controlled growth chamber that is unaffected by external environmental conditions, up to 6
generations can be achieved per year. The use of LED illumination and streamlined facilities further contributes to cost savings.
This study highlights the substantial potential of integrating modern crop breeding techniques, such as digital breeding and genetic
editing, with generational shortening systems to accelerate crop improvement.
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Table 1. List of varieties used in the experiment, grouped according to maturity ecotype and corresponding experimental

conditions.

Light quality
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Fig. 1. Diagram of the cultivation process using LEDs. (A) shows the arrangement of LED modules and shelf structure; (B)
demonstrates the RGB spectrum generated by the used LED diodes. Stages of growth from germination to R7 are
represented in panels (C) to (F). Specifically, (E) corresponds to the R1 stage, and (F) corresponds to the R7 stage.
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Table 2. Growth traits and yield components of soybean obtained under various PPFD and soil conditions with an RGB ratio of 1:1:1.

Trait Varii 400 PPFD 900 PPFD 1300 PPFD

raits arieties
50 A H A H A

Maverick  30.0£3.50°7  28.9£2.40% 29.1£2.70®  29.142.40% 27.0+2.30° 29.6+2.60%

Gwangan  28.7+1.00° 29.143.40° 24.9+0.70° 24.7+0.60° 25.1+0.80° 24.5+0.30°

Flowering time ~ Pungwon  29.5+0.70° 30.2+1.40° 26.5+0.60° 27.8+1.90% 26.5+2.00° 27.9+3.20%

(days) Daepung  29.1+0.40° 29.6+0.70* 29.0+0.30° 30.2+2.40° 29.7+0.80° 29.2+3.00°

Soheung-2  29.5+0.50° 29.142.50° 24.8+3.60° 27.8+£3.70™ 28.2+42.30°  27.1£3.90®

Mean 29.3+1.63% 29.442.10° 26.9+2.87° 27.9+£3.19° 27.3+£2.48%  27.7+3.52%

Maverick  4.6+0.86° 4.2+0.75% 3.6+0.75%° 3.241.07% 3.140.64% 2.6+0.62¢

Gwangan  4.4+0.52° 3.6+0.37" 3.4+0.50" 2.6+0.58% 2.4+0.61¢ 2.6+0.68°

Internode length  Pungwon  4.3+0.34° 3.5+0.23° 3.240.79° 2.4+0.38° 2.3+0.65° 2.2+40.34¢

(em) Daepung  5.0£0.32° 4.7£0.68" 4.1£0.62" 3.7£0.72¢ 4.0+0.58" 3.7£0.37¢

Soheung-2  6.1+0.79° 5.6+0.76™ 3.4+0.87° 3.9+1.10% 3.2+0.80° 4.0+1.48%

Mean 4.9+0.89° 4.2+0.95% 3.5+0.76° 3.1+0.93¢ 3.0+0.88¢ 3.0£1.01¢

Maverick  6.120.64® 4.3+0.52° 5.6£1.13° 5.540.55° 7.9+1.07° 4.5+0.84°

Gwangan  5.9+0.74% 4.9+0.35° 6.7+0.50% 5.9+0.57" 7.4+0.52° 4.7+0.50°

Number of nodes Pungwon  5.1+0.78" 4.8+0.44° 6.4+0.70" 6.2+0.63" 7.8+0.42° 5.2+0.44™

per plants Daepung  6.9+0.60 4.9+0.60° 6.9+0.88% 5.6+0.70% 7.6+0.73° 4.9+0.60°

Soheung-2  6.5+1.08% 5.3+0.76" 5.3+0.88° 6.1+£0.90° 6.9£1.20" 5.9+0.69"

Mean 6.1£0.97° 4.8+0.59¢ 6.8+1.16° 5.9+0.70° 7.5+0.86° 4,941,054

Maverick ~ 27.8+3.07° 17.9+2.84° 19.2+2.51° 17.3+4.83° 24.2+5.36° 11.3+1.89°

Gwangan  25.8+4.77° 17.5+2.39" 22.6+3.41° 15.442.55 17.7+4.27° 11.9+3.33°

Plant height ~ Pungwon  22.0£7.64°  16.5+5.45° 20.6+5.66  14.8+1.96% 18.2+5.14%  11.4+3.94¢

(em) Daepung  34.3+4.37° 22.743.64° 28.4+6.30° 20.5+£4.95% 30.1£5.63®  18.0+2.29¢

Soheung-2  39.2+6.34° 28.9+2.03° 2724527  23.1£4.37"™ 21.946.35™  22.9+8.22°

Mean 30.0+7.72° 20.6+5.22% 23.7+5.96° 18.0+4.78¢ 22.146.90% 15.0+5.92°

Maverick  1.0+0.00° 1.0+0.00? 1.00.00° 1.0+0.00° 1.0+0.00? 1.0£0.00°

Gwangan  1.1+0.32% 1.4+0.52% 1.1£0.33%® 1.5£0.53%™ 1.0£0.00° 1.7£0.50°

Number of branch Pungwon  1.0£0.00° 2.0+0.00° 1.0£0.00° 1.2+0.42° 1.4£0.52° 1.0+£0.00°

per plants Daepung  1.0+0.00% 1.0£0.00® 1.0£0.00° 1.5+0.53° 1.3£0.50% 1.3£0.50®

Soheung-2  1.1+0.32% 1.1+0.38° 1.1£0.32° 1.1£0.38° 1.3+0.48° 1.3+0.49°

Mean 1.0+0.20° 1.3+0.48° 1.0+0.20° 1.3+0.46° 1.2+0.42° 1.3£0.45°

Maverick  3.0+1.20% 1.7+0.82° 2.8+0.97% 1.3+0.52° 3.9+1.86° 1.5+0.55°

Gwangan  3.0+£1.25® 1.3+0.46" 3.3+0.71° 1.2+0.42° 3.8+1.23° 1.2+0.44°

Number of pods  Pungwon  2.2+1.30% 1.1£0.33¢ 3.3+1.16% 1.4+0.52¢ 4.7+0.82° 2.1+0.33%

per plant Daepung  4.7+1.41° 1.6+0.53%4 3.4+0.97% 1.4+0.52%¢ 3.241.20% 1.2+0.44¢

Soheung-2  2.7+1.34™* 1.6£0.79" 3.9+0.99" 1.5+0.84" 4.1+1.85° 1.24£0.41°

Mean 3.1£1.50° 1.4+0.59° 3.441.00° 1.4+0.53¢ 4.0+1.44% 1.5+0.55¢

Maverick ~ 5.3+2.19% 2.24+0.41° 5.3+2.50% 2.4+1.52° 7.7+3.95° 2.3+0.82°

Gwangan  6.0+2.83% 3.1+0.83% 7.240.97% 2.7+1.34° 9.0+2.11° 3.0+0.71¢

Number of seeds Pungwon  3.3+2.24° 2.8+0.44° 6.5+3.10™ 3.2+1.23 10.0+2.21° 3.0+£0.87°

per plants Daepung  9.3+3.28° 3.1+1.36° 7.542.51° 3.6+1.35° 6.7+1.12% 2.3+1.41°

Soheung-2  4.6+2.27% 2.0+£1.29° 6.7+1.77° 1.0£0.00° 5.9+1.60 2.3£1.37%

Mean 5.7+3.20° 2.7+1.03¢ 6.8+2.13° 3.0+1.32¢ 7.942.67° 2.840.89¢

"H: horticultural soil, A: agronomic soil. "Means with the same letter are not significantly different at 5% level.
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Fig. 2. Box plot illustrating the flowering time based on light intensity and soil treatments. The mean flowering time + standard
error (SE) is presented, with an RGB ratio of 1:1:1 and various light intensity and soil conditions. Different lowercase
letters simultaneously indicate significant differences among treatments (Duncan’s test, p < 0.05). "Numbers represent
PPFD intensity, H: horticultural soil, A: agronomic soil.
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Fig. 3. Pod number and seed yield in response to PPFD levels and soil conditions. Data obtained for five different varieties
with an RGB ratio of 1:1:1, three light intensities (400 PPFD, 900 PPFD and 1,300 PPFD), and two soil types
(horticultural soil and agronomic soil). (A) number of pods per plant. (B) number of seeds per plant. "Numbers represent
PPFD intensity, H: horticultural soil, A: agronomic soil.
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Table 3. Flowering time of nine soybean varieties under different PPFD intensities with an RGB ratio of 2:1:1.

Maturity ecotype Cultivar 500 PPFD 700 PPFD 900 PPFD

. Wonhwang 60.0£0.00% 55.5+7.26" 54.4+7.24°

Early maturity b b

Yonpoong 54.94+7.67° 53.347.137 49.8+8.82

Daepung 60.0+0.00° 58.7+4.11° 58.7+4.11°

. . Gwangan 56.1+6.59° 50.1+5.24% 46.9+4.72°
Mid maturity . b

Seonbi 48.4+6.43" 56.3+5.96 47.244.73°

Seonam 54.1£9.17° 48.6+4.03° 49.7+8.91°

Geomeunbak 46.2+7.67° 53.0+6.65° 53.5+£8.41°

Late maturity PI86490 60.0+0.00° 54.0+8.49° 54.0+8.25%

Williams82 60.0+0.00? 60.0+0.00* 60.0+0.00°

Mean 55.4+7.41° 54.2+6.47" 52.6+7.79"

"Means with the same letter are not significantly different at 5% level.

S vlAGE AS BAT S Uk od AFESl o ©E BIE A |gT S ASS Ak 2 Y
20, g 48] Ast fEE F abge] o5 9FL o A FEHY F AdEE ALHS 250 BeATHY,
W A0 ¢ Fit 3 BEEY AL k%

2t A Qlti(Eskins, 1992; Smith & Whitelam, s =97 7}1] 7} =& t}el
1997; Craig & Runkle, 2013). Jihne er al. (2020)9A+= 3}l Al
oA A G} ofrhe] 27EAQl A RS wWhE

N
2
1o
>.
xo F
mlo

Meke fr=shAl astovh, AMga g vle 12& He

1:1 9l 2:1 W] Hj3) o wWE 7ok fr=sieich & A

¥ Aol A = FE L1:18lgo] 2l gRT) o wE 7| 2 dolAe LED Feg o] &3 Aldias ALy

e Bow, diHor v ANF & 52 FF Fol A&y AT 24E AAstaal stk AHES
olA Azt 2 63]9] Althrlde] TheetE 2elshir aefstel AR 1271 FFS ddoR 3, Ew 2ea

EY 242 AETORHN Fo| A st Mg Al AE

MefiFoll e JHsis W U Y ZREZS AYets AL BRI o191, 1 ATE oS
T el thE s 2 S E4S BAT 2 3 Zn

o, oot 3w, B, a9a EgReN dud B

2 QISR gFkTH(Table 2). FAZEA] 2R b=y A=l 1L 10A1ZR] @ F 27004, . LlvlEd o, 35

Z AUE] Hat 7H§}01AL oF 7042, S6URE 95Y ©] 400 PPFDO|| A 900 PPFD, 1,300 PPFD& %7}5}o]

Atolel| FEstv, T2k 571714 9] Bat AKLe= oF uheh ANetd S, Fat A, A At v, A

15042, 101204 188?—:1 A}o]oﬂ HxsthKwon ef al., 5, Yo Zvtekgh

1974; Choi et al., 2014). & A5 Ao A A= Al 2. A=A A= wiFEd vlsl A B A, F

HE A8 4% ¥ Ll vlE 2304 HE YHE A7t 50% ol S7Fst AT

oA Bt 7H§}°E‘¢t 28.0£2914 %2 EQIEF, 6090l 3. FHolA HAF] nlgo] FUHE 2L:HE UL

A 702 Aolof| AsE Za2 Z=skel 4= Qlglt). whabA, 11188 243} vjwste] Afstdart oF 159 o4 4

LED 7|8k Aleiks AlAglo] 7]& °4%L difol A Hirgl SH= Ao 2 yepyt

Mt gl S57IE oF 60% ol SEAIA 4= S el 4 4] 24wt AldEE AAEE AEeRE B B

g 2= o)t} E3), Asds7t 70Y o)A AQEE Tk < F50lA oF 309 ez At glE e, 60

T 28528 FFONA AdES AlLTE A8 430 o4 704 ool 83 o]Fe] FAb 4=8to] Tkttt
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