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Abstract

:

Understanding how Aspergillus oryzae responds to light is critical for developing efficient light regulation strategies in the brewing and waste treatment industries. Although continuous light is known to restrict A. oryzae, little is known about A. oryzae’s sensitivity to light with photoperiod. In this study, we used pulse wave modulation (PWM) to generate nine pulsed blue light (PBL) treatments with varying peak light intensities and frequencies. The effect of PBL on A. oryzae was then compared to that of continuous blue light (CBL). Our findings showed that A. oryzae GDMCC 3.31 mycelium developed faster and produced more conidia under PBL with specific peak intensities and frequencies than under CBL treatment when the light dose and average light intensity were held constant. The colony diameter and conidia count under the two PBL treatments (PL-20_40%_1 Hz and PL-400_20%_10 kHz) were 1.13 and 1.22 times greater than under the CBL treatments, respectively. This different response may be mainly attributed to A. oryzae’s adaptation to the light–dark cycles in nature. Furthermore, an interactive effect was found between peak light intensity and frequency. This work includes pulsed wave modulation as a new factor that influences the A. oryzae photoresponse and recommends it in the development of light regulation methods for fermentation.
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1. Introduction


A strain of Aspergillus oryzae that is safe to use and widely used in the brewing [1,2], enzyme [3,4], and waste treatment [5,6] industries is photoresponsive to different light wavelengths and intensities [7,8,9,10]. Our earlier investigation demonstrated that A. oryzae GDMCC 3.31 is more sensitive to CBL (475 nm) than to red light (630 nm) [11]. CBL, whose intensity is higher than the threshold, significantly inhibited A. oryzae GDMCC 3.31. The threshold of blue light intensity for mycelium development and conidia generation were respectively 60 and 40 μmol·m−2·s−1 [11]. Similar light responses have been reported in other A. oryzae strains [12]. Red light slowed the mycelial development of A. oryzae RIB40 (a Japanese industrial strain). Meanwhile, CBL also resulted in significant germination failure in A. oryzae RIB40 [13]. In addition to continuous light (CL), some investigations revealed that A. oryzae could be regulated by light with a photoperiod. A circular colony of A. oryzae RIB40 was established under a pulsed light (PL) treatment with a frequency of 1 min/day and an intensity of 94.2 μmol·m−2·s−1 [13]. Even when the photoperiod was increased to 12 h, A. oryzae RIB40′s mycelium developed in a ring colony under white light [14]. However, under CL treatment, A. oryzae RIB40 grew without a ring, regardless of light wavelength. These qualitative phenotypic findings suggested that A. oryzae treats light with a light–dark cycle differently from CL. Despite this, quantitative research in this field is limited, and the effect of pulsed light on A. oryzae remains unclear.



Until now, it has been reported that several fungi are responsive to pulsed light [15,16,17,18,19]. Entrainment in Neurospora crassa’s circadian rhythm was stimulated by PL [20,21,22,23]. The RNA expression level of the negative circadian regulator VIVID was undetectable in the dark but increased in response to light pulses. When the mycelia were exposed to light at an intensity of 5 μmol·m−2·s−1, RNA levels immediately increased, peaked after 20 min, and then progressively decreased to a lower steady-state level [24]. Monilinia spp. also has a light response to PL [25,26]. Monilinia laxa infected nectarines and produced the highest pathogen sporulation under white light (58 W, 165.55 W·m−2 or 36 W, 123.65 W·m−2) with a photoperiod of 12 h [27]. Despite the fact that the light intensity increased to 130 μmol·m−2·s−1, the trend of change in RNA levels was identical and resulted in a greater steady-state level. The steady-state level depended on the light intensity. In the realm of circadian rhythm, the photoperiod is generally adjusted from 4 to 20 h and, when combined with dark periods, is a total of 24 h to replicate the change of day and night [28,29,30]. Colletotrichum acutatum responds to both continuous and pulsed light [16,31,32]. Its recovery rate was lowest following a PBL treatment with a frequency of 32 Hz and an intensity of 20 μmol·m−2·s−1 [16]. The development and secondary metabolism of Fusarium fujikuroi were regulated by continuous and pulsed light [33,34,35]. Pulsed white light with a frequency of 1 Hz and an illuminance of 25,000 lux had no effect on the development of F. fujikuroi, but the fumonisin yield under PL was half that reported during dark incubation [36]. The stimulus on the linear growth of Ganoderma lucidum under PL with a frequency of 500 Hz was more pronounced than under CL treatment with an equivalent light dose [37]. Many fungi’s activities are affected by PL, including circadian rhythm, growth, and secondary metabolic activities [38,39,40,41,42]. The fungi mentioned above respond to both continuous and pulsed light. Given that A. oryzae responds to CL and the phenomenon generated by PL, A. oryzae may possibly respond to PL, which has aroused our curiosity.



Due to the maturity of semiconductor technology, pulsed light can easily be made by applying pulse wave modulation (PWM) technology [43,44,45] to blue LED (light-emitting diode) light sources. Furthermore, the frequency of PL fell within the range of 1000 to 0.001 Hz, which is often used in the study of photobiomodulation and the light response of microorganisms [46,47,48,49].



In order to further explore the response of A. oryzae to PL and promote the development of light regulation methods in A. oryzae, this study generated various types of PBL by PWM technology and investigated the effect of PBL on the mycelium growth and asexual reproduction in A. oryzae GDMCC 3.31. The CBL treatment was set as the control.




2. Materials and Methods


2.1. Fungal Species


A. oryzae GDMCC 3.31 was bought from the China Guangdong Microbial Culture Collection Center (Guangzhou, China). The strain had an original code number of 3.042, given by the Shanghai Brewing Research Institute (Shanghai, China). Samples were incubated on potato dextrose agar (PDA; CM123, Beijing Land Bridge Company, Beijing, China) slant, at 28 °C, for 4 days. The third generation was obtained after two subcultures. The spores were suspended in sterile water containing 0.002% (v/v) Tween-80 and 0.5% (w/v) NaCl, and then stored at 4 °C.




2.2. Culture Conditions


The spore suspension mentioned above was diluted to a concentration of 1 × 107 spores/mL for use as a conidial inoculum. Ten microliters of the inoculum solution was inoculated into each PDA plate, and the plates were cultured for 72 h, at 30 °C, in light incubators (Spectracell-MU250L, LightEngin Technology, Shanghai, China). During the incubation, the strains were irradiated by PL or CL.




2.3. Light Conditions and Apparatus


PBL and CBL were generated by setting the light incubators. Blue LED (XP-E series, CreeLED, Durham, NC, USA) was chosen as the light source in this study. In detail, the central light wavelength and full width at half maximum of the blue LED were 475 nm and 25 nm, respectively.



To investigate the light response of A. oryzae GDMCC 3.31 to pulsed light, we first generated nine PBL treatments with various peak light intensities and frequencies and compared them to one CBL treatment. First, we utilized a photosynthetic active radiation detector (PQS1, BLH Technology Company, Newton, NJ, USA) to measure the light intensity at the geometric center of the culture dish. Then, we fine-tuned the medium location and the distance between samples and light sources to achieve a light intensity of 80 μmol·m−2·s−1. The PWM module’s parameters were then adjusted so that the blue LED emitted PBL. The average light intensity was then measured using the photosynthetic active radiation detector and a spectral irradiance colorimeter (SPIC-300, Everfine Photo-E-Info Co., Ltd., Hangzhou, China) to guarantee that all treatments had the same average light intensity.



Although the peak light intensity of PBL was higher than that of CBL (Figure 1), the average light intensity and light dose were the same in both treatments. In this study, we used photosynthetic photon flux density (PPFD) to describe the light intensity with the unit of μmol·m−2·s−1 rather than the standard unit of W·cm−2 [50].



Light intensities in all treatments are recorded in Table 1. A total of nine PBL treatments were generated. Peak light intensities and frequencies of PBL ranged from 100 to 400 μmol·m−2·s−1 and from 1 to 10,000 Hz, respectively, and the light intensity of CBL was 80 μmol·m−2·s−1. CBL was set as the control. All light treatments maintained at the same average light intensity of 80 μmol·m−2·s−1 (19.8 ± 0.17 W·m−2 in standard units) (SPIC-300, Everfine Photo-E-Info Co., Ltd., Hangzhou, China). During the culture, A. oryzae GDMCC 3.31 was treated under a specific PBL or CBL for 72 h. Hence, all the light treatments shared the same photon flux of 2.07 × 107 μmol·m−2·s−1.



To investigate whether the different photoresponse was related to the threshold of light intensity (60 and 40 μmol·m−2·s−1) established in our previous study [11], we generated five lower-level PBL with various peak light intensities and frequencies, and compared them to one CBL treatment with average light intensity of 20 μmol·m−2·s−1. As recorded in Table 2, the peak light intensities were ranged from 40 to 400 μmol·m−2·s−1, and frequency was maintained at 100 Hz. CBL was set as the control. All light treatments had the same average light intensity of 20 μmol·m−2·s−1 (4.59 ± 0.15 W·m−2 in standard units). This average light intensity was lower than the threshold. During the incubation, A. oryzae GDMCC 3.31 was irradiated by a specific PBL or CBL for 72 h. Hence, all light treatments shared the same photon flux of 5.18 × 106 μmol·m−2·s−1.



We use abbreviations to denote each PBL treatment throughout the article to reduce the length of the treatment descriptions and improve readability. A PBL treatment with a peak light intensity of 100 μmol·m−2·s−1, a duty ratio of 80%, and a frequency of 1 Hz, for example, is denoted by the abbreviation ‘PL-100_80%_1 Hz’. Other PBL treatments generated in Table 1 and Table 2 are all represented in the same way.




2.4. The Determination of Colony Diameter


The colony diameter was used to evaluate the mycelial development in A. oryzae GDMCC 3.31. We used a Vernier caliper to measure the colony diameter on each plate after light treatment for 72 h. Four random directions were chosen to measure the diameter, the average of which was considered the value of the colony diameter of the sample. The unit of average diameter was mm.




2.5. The Measurement of Conidiation


The number of conidia was used to evaluate the asexual sporulation of A. oryzae GDMCC 3.31. After light treatment, the conidia grown on each plate were washed with 5 mL of sterile water containing Tween-80. The solution was then filtered to obtain spore suspensions (Whatman No. 4, GE Medical Systems Ltd., Buckinghamshire, UK), which were counted using a hemocytometer and a microscope to obtain the number of conidia.




2.6. Statistical Analyses


All light treatments were repeated at least in triplicate, and the samples under each light treatment had three parallels. Results were presented as the mean ± standard deviation. GraphPad Prism (v9.4.1) software was used to perform all statistical analyses. A two-way ANOVA was performed to analyze the interaction effect between peak light intensity and frequency. A one-way ANOVA or Kruskal–Wallis test was conducted to analyze the differences in colony diameter and conidia count under CBL and PBL treatments.





3. Results


3.1. The Appearance of Mycelium under PL


After culture, only slight changes were observed in the colony morphology of A. oryzae GDMCC 3.31 under PBL and CBL treatments (Figure 2). Mycelia of A. oryzae developed upon all PBL treatments developed normal hyphae and a round colony, followed by conidia formation.




3.2. Mycelial Growth Responded to Pulsed Blue Light


This section investigates the effect of PBL with varying peak light intensities and frequencies on the mycelium growth of A. oryzae GDMCC 3.31 compared to CBL treatment. The result of a two-way ANOVA analysis on colony diameter revealed a significant difference (p-value = 0.0164), demonstrating an interaction between peak light intensity and frequency. As a result, the influence of peak light intensity and frequency on mycelium growth was studied separately.



Firstly, variations in peak light intensities of PBL alone were observed to have a significant impact on mycelial development of A. oryzae GDMCC 3.31 when the frequency remained constant. Figure 3a showed that, when the frequency was held constant at 1 Hz and the peak light intensities increased, A. oryzae developed under PBL treatments differently than under the CBL treatment (p-value < 0.0001). The colony diameter peaked at the PBL treatment with a peak light intensity of 200 μmol·m−2·s−1 (abbreviated as PL-200_40%_1 Hz). It was 1.13 times that of the CBL treatment. Figure 3b shows that, when the frequency was maintained at 100 Hz and the peak light intensities increased, only one PBL treatment with a peak light intensity of 400 μmol·m−2·s−1 (abbreviated as PL-400_20%_100 Hz) significantly differed from the CBL treatment (p-value = 0.011). The colony diameter under this PBL was 1.11-fold that of the control. When the frequency increased to a high level of 10 kHz and the peak light intensities increased, all colonies expanded under three kinds of PBL were significantly greater than those under CBL (Figure 3c). The colony diameter reached maximum under the PBL treatment (PL-100_80%_10 kHz) and was 1.12-fold that of the colony under CBL. These findings suggest that the A. oryzae GDMCC 3.31 mycelium was susceptible to pulsed blue light with varying peak light intensities compared to continuous blue light.



Secondly, compared to the CBL treatment, the mycelium development of A. oryzae GDMCC 3.31 was sensitive to PBL with various frequencies when the peak light intensity held constant. As shown in Figure 3d–f, almost A. oryzae GDMCC 3.31 grew faster under PBL with various frequencies than under CBL, even though the frequencies varied within four orders of magnitude. Aside from the PBL treatment (PL-100_80%_100 Hz), the differences between PBL and CBL treatments were significant (p-value < 0.05). However, no significant difference between PBL treatments was found.



In conclusion, the mycelium growth in A. oryzae GDMCC 3.31 was photoresponsive to various light modulation modes. With the same average light intensity of 80 μmol·m−2·s−1 and the same light dose, A. oryzae grew better under PBL than under CBL. In other words, the influence of light on A. oryzae mycelia development could be adjusted by switching the modulation mode from continuous light to pulsed light.




3.3. Conidia Formation Responded to Pulsed Blue Light


This section investigates the effect of PBL with varying peak light intensities and frequencies on A. oryzae GDMCC 3.31 conidiation as compared to CBL treatment. A two-way ANOVA analysis of conidia count under PBL and CBL revealed that peak light intensity and frequency had a significant interaction (p-value = 0.0278). As a result, the effect of peak light intensity and frequency was analyzed independently.



Firstly, the conidia formation of A. oryzae GDMCC 3.31 was sensitive to PBL with particular peak intensities when the frequency held constant. In detail, when the frequency was fixed at 1 Hz and the peak light intensities increased, no significant difference in the number of conidia was identified between PBL and CBL treatment (Figure 4a). When the frequencies increased to 100 Hz and 10 kHz, the conidia produced in A. oryzae GDMCC 3.31 under three PBL treatments (PL-100_80%_100 Hz, PL-400_20%_100 Hz, and PL-400_20%_10 kHz) were greater than under CBL treatments (Figure 4b,c), with p-values of 0.0334, 0.0294, and 0.0190, respectively. The conidia count on these three PBL treatments were 1.87-, 2.05-, and 2.22-fold higher than the CBL treatment, respectively. Furthermore, the 2.22-fold increase under the PBL treatment (PL-400_20%_10 kHz) was close to the ratio observed in our earlier study comparing the dark treatment to continuous blue light treatment [11]. These results suggest that the development of conidia in A. oryzae GDMCC 3.31 had a photoresponse distinct from CBL in terms of PBL with specific levels of peak light intensities.



Secondly, when the peak light intensity was held constant and the frequencies increased, a similar effect of PBL with various frequencies on the conidiation was observed. When compared to CBL, the conidia produced in A. oryzae GDMCC 3.31 were photosensitive to pulsed blue light at specific frequencies. Only two PBL treatments (PL-100_80%_100 Hz and PL-400_20%_10 kHz) showed significant differences in the conidia count (Figure 4d,f), with p-values of 0.0393 and 0.0396, respectively. These results revealed that the conidial formation in A. oryzae GDMCC 3.31 was photoresponsive to PBL at certain frequencies, as compared to CBL.



In conclusion, the asexual reproduction of A. oryzae GDMCC 3.31 was photosensitive to light modulation mode. Conidia count was higher under specific PBL treatment than under CBL treatment with the same average light intensity of 80 μmol·m−2·s−1 and the same light dose. In other words, the influence of light on the production of A. oryzae conidia could be adjusted by switching from continuous light to pulsed light.




3.4. Threshold Was Applicable to Pulsed Light


The aforesaid findings were explored under PBL with an average light intensity of 80 μmol·m−2·s−1, which satisfied the previously established thresholds of 60 and 40 μmol·m−2·s−1 for mycelium development and conidium generation [11]. Here, we were interested in whether or if a threshold exists for the effect of PBL. PBL had no effect on mycelium development in A. oryzae GDMCC 3.31 when the average light intensity was reduced to 20 μmol·m−2·s−1, as shown in Figure 5. Considering the results in Section 3.2, it is possible that an average light intensity threshold existed in A. oryzae GDMCC 3.31’s photoresponse to PBL in an aspect of mycelial development. Despite an increase in peak light intensity to 400 μmol·m−2 s−1, colony diameters upon the PBL treatments were comparable to those under the CBL treatment.



In terms of conidia production, Figure 6 shows that the conidia count under most PBL treatments was comparable to that under CBL treatment, with the exception of one PBL treatment (PL-80_25%_100 Hz). Conidia produced by A. oryzae GDMCC 3.31 under this PBL treatment were substantially larger than those produced under the CBL treatment (p-value = 0.0131). The number of conidia produced under this treatment was 1.35-fold greater than under the CBL treatment. These results suggest that the effect of PBL on the conidia production in A. oryzae compared to CBL had no relation to the threshold of average light intensity.





4. Discussion


This study demonstrated that A. oryzae GDMCC 3.31 exhibits a response to PBL in terms of mycelium development and conidial production that differs from the response to CBL with the same average light intensity and wavelength. The pulsed light made by pulse wave modulation may be a new factor in A. oryzae’s light response. Results demonstrated that A. oryzae GDMCC 3.31 mycelia developed faster and produced more conidia under PBL with specific peak intensities and frequencies than under CBL treatment when the light dose, light wavelength, and average light intensity were held constant (Figure 3 and Figure 4). A. oryzae exhibits active light sensing in nature to generate adaptive responses such as developmental and secondary metabolic regulation. Pulsed light varies from continuous light in that it has alternating photoperiods and dark periods.



Considering that A. oryzae has developed and adapted to natural light–dark cycles, it is more capable of adapting to pulsed light with photoperiods rather than a long-duration and high-intensity light exposure. When exposed to blue light, A. oryzae suffers growth and developmental pressure, while its vitality recovers to some extent during dark periods. Therefore, even with an equivalent light dose and average light intensity, PBL is advantageous for development and asexual reproduction in A. oryzae compared to CBL.



Moreover, our findings suggested that the mycelium growth of A. oryzae GDMCC 3.31 responded to PBL similarly to CBL when the average light intensity decreased to 20 μmol·m−2·s−1 (Figure 5). However, when the average light intensity increased to 80 μmol·m−2·s−1, A. oryzae GDMCC 3.31 responded to PBL differently from the CBL treatment (Figure 3). These results suggested that an average light intensity threshold existed in the A. oryzae GDMCC 3.31‘s photoresponse to PBL with respect to mycelial development. This threshold may be the critical point for A. oryzae to distinguish between PBL and CBL. In the future, we will focus on the light response threshold of A. oryzae growth during the development of light regulation methods.



The PWM utilized in this study enhances the factors of A. oryzae light response and has the potential to develop light regulation methods in A. oryzae. A. oryzae is commonly used in fermenting raw material in the brewing, enzyme, and waste treatment industries. Multiple microorganisms are often involved in fermentation processes rather than a single strain in actual manufacturing [51,52,53]. In the preparation of soy sauce, for example, A. oryzae is combined with Aspergillus niger in solid-state fermentation. Many studies have illustrated that soy sauce made through fermentation with mixed strains has a better taste and higher levels of bioactivity [2,54,55,56]. A. niger responds to light of various light wavelengths [54,57,58]. The amylase activity secreted by A. niger was 1.15 times higher under blue light at an intensity of 40 μmol·m−2·s−1 than in the dark control [58]. Furthermore, blue light stimulated the growth of A. niger and promoted the formation of conidial head. Among various light wavelengths, blue light (455 nm) with an illuminance of 1700 lux best stimulated the growth of A. niger [59]. However, it was found that the conidia produced by A. niger decreased by 40% after a blue light (455 nm) treatment with an illuminance of 200 lux. On the basis of the difference in the light response between A. oryzae and A. niger, using pulsed light in the fermentation process of mixed strains may contribute to achieving more regulatory goals.



For instance, the intensity thresholds of blue light for inhibiting the mycelial growth and conidia formation of A. oryzae are 60 and 40 μmol·m−2·s−1, respectively. In the fermentation process of soy sauce by A. oryzae and A. niger, if we used a PBL treatment (PL-100_20%_100 Hz) to replace the CBL with an average intensity of 20 μmol·m−2·s−1, it promoted the growth of A. niger, inhibited the growth of A. oryzae, and regulated conidial formation of A. oryzae. This allowed A. oryzae to undergo normal subculture and play its role in the whole fermentation process. Pulsed light has the potential to regulate multiple engineered strains, and we recommend conducting further research on the application of PL to promote the development of new light regulation methods for A. oryzae.




5. Conclusions


In this study, the effects of PBL on mycelium development and asexual reproduction in A. oryzae GDMCC 3.31 were compared to those of CBL. All of the results suggested that A. oryzae GDMCC 3.31 responded differently to PBL than to CBL, at the same average light intensity and wavelength. The peak light intensity and frequency of PBL ranged from 100 to 400 μmol·m−2·s−1 and from 10 to 10,000 Hz, respectively. Among all the PBL treatments, the colony diameter and conidia count were maximum under the two PBL treatments (PL-200_40%_1 Hz and PL-400_20%_10 kHz). The colony diameter and conidia under these two PBL treatments were 1.13- and 1.22-fold greater than under the CBL treatment, respectively. We believe that the different response of A. oryzae to PBL and CBL is mainly attributed to its adaptation to the light–dark cycles in nature. A. oryzae adjusts itself during the dark period to better adapt to light stress during the photoperiod. Additionally, peak light intensity and frequency have interactive effects on the regulation of A. oryzae. This study proposes the inclusion of pulse wave modulation as a new factor that influences the A. oryzae photoresponse. Further research is required to advance the development of light regulation methods for A. oryzae on the basis of these findings.
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Figure 1. Difference between PBL and CBL. The instantaneous light intensity of PBL was much higher than that of CBL treatment. The average intensity of CBL treatment was 80 μmol·m−2·s−1. The frequency, peak intensity, and duty ratio of PBL treatment were 1 Hz, 200 μmol·m−2·s−1, and 40%, respectively. 
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Figure 2. Colony of A. oryzae under PBL and CBL: (a) mycelium grown under CBL; (b) colony developed upon PBL treatment (PL-100_80%_100 Hz); (c,d) colony developed after PBL treatments (PL-200_40%_100 Hz and PL-400_20%_100 Hz). 
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Figure 3. Colony diameters upon PBL and CBL treatments: (a–c) results of the mycelium growth under PBL with different peak intensities when the frequency was held constant; (d–f) results of the mycelium growth under PBL with different frequencies when the peak intensity was kept unchanged. * p < 0.05, ** p < 0.01, *** p < 0.001, and **** p < 0.0001. 
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Figure 4. The conidia count upon PBL and CBL treatments: (a–c) results of the conidia formed under PL with different peak intensities when the frequency was held constant; (d–f) results of the conidia formed under PL with different frequencies when the peak intensity was kept unchanged. * p < 0.05. 
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Figure 5. The mycelium growth under PBL and CBL with an average intensity of 20 μmol·m−2·s−1. The symbol ns in the figure represents no significance. 
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Figure 6. Conidia number upon PBL treatments with an average intensity of 20 μmol·m−2·s−1. * p < 0.05 and ** p < 0.01. 
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Table 1. Parameters of PBL and CBL with an average intensity of 80 μmol·m−2·s−1.
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Light Treatment

	
PBL

	
CBL






	
Light wavelength (nm)

	
475




	
Average light intensity (μmol·m−2·s−1)

	
80




	
Peak light intensity (μmol·m−2·s−1)

	
100

	
200

	
400

	
80




	
Duty ratio (%)

	
80

	
40

	
20

	
\




	
Frequency (Hz)

	
1

	
100

	
10,000

	
1

	
100

	
10,000

	
1

	
100

	
10,000

	
\




	
Total photoperiod per 24 h

	
19.2

	
9.6

	
4.8

	
24
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Table 2. Parameters of PBL and CBL with a lower average intensity.
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Light Treatment

	
PBL

	
CBL






	
Light wavelength (nm)

	
475




	
Average light intensity (μmol·m−2·s−1)

	
20




	
Peak light intensity (μmol·m−2·s−1)

	
40

	
80

	
100

	
200

	
400

	
20




	
Duty ratio (%)

	
50

	
25

	
20

	
10

	
5

	
\




	
Frequency (Hz)

	
100

	
\




	
Total photoperiod per 24 h

	
12

	
6

	
4.8

	
2.4

	
1.2

	
24
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