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Abstract

:

In the present study, we examined the light quality and photoperiod-dependent physiological performance of Mimosa pudica. Plants were grown in pots under white, blue, green and red-light compositions under 12 h per day (12/12 h) and 24 h per day (24/0 h) for 12 days. After 12 days, the physiological parameters’ morphology, fresh weight, chlorophyll fluorescence and biochemical analyses, which include antioxidants, lipid peroxidation, pigment content and carbohydrate content were also measured. Necrosis was found in red, blue and green light and the plant was senesced at the end of the experiment. The blue 24-h light period showed the highest pigment and antioxidant content, whereas the lowest was observed in green light conditions. The OJIP curve was complete in white light, hence it was not completely formed in red, blue and green light. The phenomenological parameters also fluctuated in different light conditions. Photosynthesis ultimately results in starch content, which was highest in blue light and lowest in red light. Different monochromatic light qualities inhibited plant growth by reducing the activity of photosynthetic apparatus in plants. White light was more effective in driving photosynthesis and promoting the plant growth, while green and red light showed a suppressive effect on plants’ growth. The 24 h photoperiod was also accompanied by various spectra to reduce the plants’ growth. The results clearly indicate that the photoperiod and light spectrum must be considered before growing plants in a greenhouse.
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1. Introduction


Various abiotic factors such as temperature, light, water, gases and minerals are essential for the plant life-cycle. Among them, light is an important environmental factor that is the chief source of energy for plant photosynthesis and affects the growth and development of plants [1]. Plants have many photoreceptors to sense the quantity and quality of light, likewise cryptochrome, phytochrome, phytotropins etc. These photoreceptors sense light and change it into biochemical signals, which lead to changes in the physiology and morphology of plants [2]. In recent years, much research has proved that Light-Emitting Diodes (LEDs) are a suitable light source for lighting growth chambers and greenhouses for crop production [3]. For plants to perform their photosynthesis, it has been shown that a combination of different light spectrums, such as red, blue and white of varying intensities, is efficient and effective [4].



A specific spectrum stimulates different morphological and physiological responses in plants [5]. Any change in light quality can alter the physiology, morphology, growth and development of plants. However, these effects vary from species to species of plants [6]. In many plant species, stomatal opening was promoted by blue light, which enhanced the photosynthesis and dry matter production [7]. Plants grown under blue light regulated the formation of chlorophyll which increased chlorophyll a/b ratio, Light-Harvesting Complexes and Rubisco enzyme activity [8]. According to reports, long-term exposure to monochromatic red light lowers photosynthetic efficiency and causes photodamage [9]. On the contrary, blue light, perceived by cryptochrome and phototropins, enhances photosynthesis by increasing light absorption efficiency, minimizing photodamage and regulating gas exchange between leaves and the atmosphere [10]. Green light is more intense at deeper leaf tissue than blue or red light because green light is absorbed by chlorophyll less than either of the other spectra [11]. Green light variously affects seed germination, stem elongation, leaf hyponasty, leaf expansion, photosynthesis and biomass accumulation [12]. In tomatoes, plants cultivated using monochromatic light (red, blue and green) showed lower height, biomass and leaf area than those grown under white (W) light [13]. Blue (B) and Red (R) LED increased the shoot regeneration, chlorophyll, carotenoid, and polyphenol in Swertia chirata [14].



Plant growth is mostly regulated by the photoperiod, which play a role as a signal. The photoperiod affects the vegetative growth and flower initiation of plants, secondary metabolite levels, and fresh and dry weights [15]. An important environmental factor that is directly linked to the development and quality of crops cultivated in greenhouses is photosynthetic daily light integral. The daily light integral (the product of the light intensity and the photoperiod (DLI)) can be increased through the application of supplementary light; additionally, increasing the DLI in certain situations can shorten growth cycles, promote carbohydrate accumulation and increase the crop yield and the nutritional quality of plants [16]. Previous studies reported the extension of the photoperiod in a weak light environment to enhance DLIs, which could replace the high-intensity light [17]. It was found that lettuce plants grown under red and blue continuous light for 15 days obtained greater shoot biomass and ascorbate pool size without leaf injury [18].



Under different light environment, plant faces stress condition which enhanced the production of reactive oxygen species (ROS). The ROSs play a pivotal role in plant metabolism and stress responses which regulates cell wall development and activates the antimicrobial defense mechanism [19]. However, as toxic by-products of aerobic metabolism, ROSs also damage plants’ cells as well as photosynthetic apparatuses, nucleic acids, protein and oxidized the membrane [20]. The main sources of ROS are the photosynthetic electron transport chains in photosystems I and II as well as photorespiration, which can affect chlorophyll stability and reduce photosynthetic activity. [21]. Plants have triggered various mechanisms to alleviate these damages by increases heat dissipation, ROS scavenging antioxidant enzymes, e.g., superoxide dismutase (SOD), catalase (CAT), peroxidase (POD) and ascorbate peroxidase (APX), soluble antioxidants, e.g., flavonoids, anthocyanins and various types of secondary metabolites [22].



Information on the absorption of radiation and the resulting photosynthetic reactions, as well as changes in the optical properties of leaves, can be a sensitive indicator of the physiological state of the plant and can characterize its needs, especially for photosynthetically active radiation [23]. The chlorophyll a fluorescence parameters have been used as markers to determine the status of photosynthetic apparatus, photochemical activity, and photosynthetic electron transport [24]. Previous studies have shown that the parameters of the fluorescence of chlorophyll a in leaves of plants cultured in a controlled environment are affected by light quality [25], quantity [26], or photoperiod [27].



Mimosa pudica L. (Fabaceae), is an annual or perennial herb. M. Pudica is reported to have sedative, emetic, and tonic properties, and has traditionally been used to treat various disorders such as alopecia, diarrhea, dysentery, insomnia, tumors, and various urogenital infections [28]. In the Mimosa genus, previous studies were mainly focused on chemical compounds, and clinical applications [29,30]. There has been no much study that investigates light quality effects on physiology of the M. pudica. This experiment was based on the hypothesis that the quality and duration of the applied light could have an effect on M. pudica and how its photosynthetic system would be responded as well as its physiological parameters. The aim of this study is to investigate the effect of different spectra light on morphology, physiology, antioxidant activity, proline and starch content of M. pudica.




2. Material and Methods


2.1. Growth and Light Conditions


The plants of M. pudica were collected from a plant nursery, Udaipur, India and grown in a pot with sterilized soil containing necessary minerals under controlled environment conditions with 23 °C temperature and relative humidity. The plants of M. pudica were placed on light shelves and were subjected to 12-day exposure to red light (RL) with a wavelength at 600–660 nm, blue light (BL) with a wavelength at 420–480 nm, white light (WL) with a wavelength at 380–760 nm and green light (GL) with a wavelength at 500–560 nm (Figure 1). Black sheet was used to cover each shelf to prevent light contamination. Plants were kept in two photoperiodic conditions, 12/12 h and 24/0 h (continuous light) at an equal light intensity of 135 μmol m−2s−1 photosynthetic PFD, which was kept constant by maintaining the distance between the LEDs and the plant canopy. The absorption spectra of white, blue, red and green LED were measured with the help of Perkin Elmer UV/Vis spectrometer which showed a peak at 422 nm, 491 nm and 609 nm, respectively. Plants were harvested for analyses on the 0th, 3rd, 6th, 9th and 12th day of light treatment. Plants grown at 12/12 h light periods in each condition were considered as control plants.




2.2. Biochemical Analysis


Superoxide dismutase (SOD) activity was assayed as per the method given by Beauchamp and Fridovich (1971) with slight modifications [31]. The inhibition ability of photochemical reduction of nitro blue tetrazolium (NBT) by SOD was measured. SOD measures the inhibition of the photochemical reduction of NBT by the enzyme in the reaction mixture at 560 nm.



Catalase activity was determined by Aebi (1984) [32]. Catalase catalyzes the decomposition of H2O2 to water and oxygen. Catalase activity can be measured subsequently either by the decomposition of H2O2 or the liberation of O2. H2O2 shows a constant increase in absorption along with the decreasing wavelength in the UV range. The difference in extinction per unit time gives measure of catalase activity.



The Guaiacol H2O2 method was used for assaying the activity of peroxidase [33]. To a clean cuvette with a 1.0 cm light path, 2.0 mL of 0.05 M phosphate buffer, pH 7.0, 1.0 mL of 1% guaiacol and 0.2 mL of enzyme extract were added and the absorbance was set zero at 470 nm. A total of 0.2 mL of 0.3% hydrogen peroxide was quickly mixed to initiate the reaction and changes in absorbance were recorded for every 15 s up to 3 min. Increase in absorbance per unit time was calculated from the linear phase of enzyme velocity.



Free proline was assessed spectrophotometrically as per the rules of Bates et al., (1973) [34]. Then, 200 mg of leaf samples were homogenized by pestle mortar utilizing 5 mL 3% sulfosalicylic acid and centrifuged at 5000 rpm for 15 min. The supernatant was utilized for proline estimation. Proline content was expressed as mg g-1 fresh weight of tissue.



Lipid peroxidation was tested in the leaves of both control and experimental plants. The MDA content in samples was estimated by the method of Heath and Packer (1968) [35]. The MDA content was determined by subtracting the absorbance of the supernatant at 600 nm from 532 nm and using an absorbance coefficient at 155 mM cm−1.



Starch was measured by the method described by McCready et al. (1950) [36]. The absorbance was recorded at 630 nm. The final content of starch was calculated from a standard curve plotted with a known concentration of glucose.



The chlorophyll content was determined by extracting leaf material in DMF using Porra et al. (1989) [37]. Fresh leaves from the experimental plants were taken for the determination of photosynthetic pigments e.g., total Chl. The absorbance of the supernatant was recorded at 646.8, 663.84 and 750 nm using a double beam UV–Vis Spectrophotometer (Shimandzu, Kyoto, Japan).




2.3. Fluorescence Analysis


Chlorophyll fluorescence measurements were performed on intact leaves on the 0th and 12th day of the light treatments. During the measurements, the middle portion of the first fully expanded leaf was dark-adapted for 20 min using a leaf clip (Hansatech Instruments, King’s Lynn, England). A Plant Efficiency Analyzer, Handy PEA (Hansatch Instruments, King’s Lynn, England), was used to analyze the parameters of chlorophyll fluorescence just after dark adaptation. On a logarithmic timescale, the chlorophyll fluorescence transients were recorded up to 1 s. The OJIP transient for chlorophyll fluorescence (also known as the OJIP curve) was then calculated. The OJIP curve provides valuable information on the function and activity of photosystem II [38]. Selected parameters quantifying activity of PSII were calculated from the original data as described by Strasser et al. (2000) [39].




2.4. Statistics


The graphs were created using Microsoft Office, and the data analysis was carried out using SPSS (v. 21.0) software. In the paper, all values are means of three independent replicates. Data were statistically analysed using one-way ANOVA tests, and significant differences were determined using Tukey (HSD) tests at p ≤ 0.05.





3. Results


3.1. Plant Morphology and Growth Characteristics


Prominent morphological variation was observed under different light conditions (Figure 1 and Figure 2). At the end of the experiment the leaves of 12/12 h and CL-light grown plants showed senescence in RL, BL and GL (Figure 1 and Figure 2). The leaves were pale green and a red color was found on the margins of the leaves. The extent of change was more pronounced in the case of GL as compared to that of WL, RL and BL irradiated plants.




3.2. Biochemical Changes in Light


3.2.1. Effects on SOD Activity


In continuous WL conditions, the SOD enzyme activity increased drastically on the 3rd day, then, thereafter it reduced up to the 12th day. In 12/12 h WL, the activity of enzyme enhanced was reduced up to the 6th day, after that it remained constant for the 12th day (Figure 3A). The BL figure shows that in the CL, enzyme activity was highest on the 12th day. In 12 h BL conditions, the activity initially increased for the 9th day and then decreased until the 12th day (Figure 3B). The activity was increased in the continuous GL from the 0th day to the 6th day and then continuously decreased in the next few days (Figure 3). The 12/12 h light period also showed an increase in activity trend (Figure 3C). In the red CL, the enzyme activity increased from the 3rd to the 6th day. After that, it continued to decrease up to the 12th day. A mild increase in activity was also observed in 12/12 h RL conditions (Figure 3D).




3.2.2. Effects on Catalase Activity


In white CL, the catalase enzyme showed its maximum activity on the 3rd day. After that, it tended to be reduced. In the 12/12 h WL, the catalase activity was increased for the 3rd day and then remained constant (Figure 4A). BL raised the activity of the enzyme, and after that, it declined in the next few days in CL conditions (Figure 4). A similar trend was also observed in 12/12 h light (Figure 4B). In GL, enzyme activity increased up to the 6th day, and then declined for the later days in the CL (Figure 4). As compared to the 12/12 h light period, the activity increased for the 6th day and then decreased in the following days (Figure 4C). In RL, the catalase enzyme activity increased up to the 6th day of the 12/12 h light period and then decreased mildly for further days. However, in CL conditions, the activity was also increased in the initial days and then reduced for the next few days (Figure 4D).




3.2.3. Effects on GPOD Activity


From the 0th day to the 6th day of 12/12 h WL, the enzyme activity enhanced. After that, it reduced up to the 12th day. In the CL, the activity was increased on the 3rd day and then continuously decreased (Figure 5A). The figures showed that blue CL altered the GPOD activity. It increased drastically for 6 days and then tended to reduce for the next few days. As compared to the 12/12 h light period, the activity was decreased on the 3rd day and increased on the 6th day. After that, it remained constant on further days (Figure 5B). In green continuous light, it increased continuously till the 9th day and then remained constant for further days. In 12/12 h light conditions, the activity was enhanced from the 0th day to 6th day and then tended to be reduced (Figure 5C). After cultivation in the red CL, the GPOD activity significantly increased till the 6th day and then showed a trend of reduction. In the 12/12 h photoperiod, the enzyme value showed a lower amount as compared to the CL, and it showed a similar trend as observed in the CL up to the 12th day (Figure 5D).




3.2.4. Effects on MDA Content


In white CL, the content increased drastically from the 0th day to the 9th day, and after that it reduced continuously. In the 12/12 h light period, the content was increased for the 3rd day and then tended to reduce for further days (Figure 6A). It increased in the blue CL throughout the experiment. The 12/12 h BL period showed an opposite trend, in that the content was enhanced in the first 6 days after treatment, and after that, it decreased up to the 12th day (Figure 6B). The GL significantly enhanced the lipid peroxidation content in the CL from the 0th to 3rd days and then remained decreased for the next few days. In the 12/12 h light period, the amount was increased slightly for 3 days, and after that, it was reduced for the next few days (Figure 6C). The figure showed that the RL increased the amount of MDA in green CL till the 9th day, and after it remained constant for further days. The 12/12 h RL period followed the opposite trend, and it initially increased for 3 days (Figure 6D). After that, it reduced significantly for further days (Figure 6D).




3.2.5. Effects on Proline Content


The content was increased from the 0th to 6th day, and after that, it mildly decreased in further days of white CL. In the 12/12 h light period, the content was increased slowly from 0th to the 3rd day, and after that, it was reduced till the 12th day (Figure 7A). The content of proline rises in blue CL conditions for the first 6 days after treatment with light, and then it remains increased for the next few days. The 12/12 h light period mildly enhanced the amount of proline, but it was reduced till the 12th day after treatment (Figure 7B). In green CL, the proline content was significantly enhanced in light for the first day and remained content till further days (Figure 7C). The figure showed that in red CL conditions, the content of proline was raised for 9 days, and from the 9th to 12th day it remained constant. The 12/12 h light period enhanced the proline content for the 3rd day, and after that it was reduced till the 12th day (Figure 7D).




3.2.6. Effects of Starch Content


In white CL, the content was drastically increased by the 3rd day, and after that, from the 6th to the 12th day, it continuously decreased. The 12/12 h light period enhanced the starch content through the experiment (Figure 8A). The figure showed that the blue CL caused an initial increase in starch content for the 0th to the 6th day, and after that, it was reduced in the next days. In the 12/12 h BL period, the content was continuously increased from the 0th to the 12th day (Figure 8B). GL initially increased the content of starch for the 6th day, but then it tended to be reduced. Rather than a 12/12 h light period, it showed an altered effect that it continuously increased from the 0th to the 12th day (Figure 8C). According to the figure, the starch content was enhanced in red CL for 9 days and then it tended to be reduced for further days (Figure 8D). However, the 12/12 h light period showed opposed results, and it continuously increased till the 12th day (Figure 8D).




3.2.7. Effects of Chlorophyll Content


Chlorophyll content increased by the 3rd day in WL and then drastically reduced in further days. However, the 12/12 h WL period showed an enhancement in content throughout the experiment (Figure 9A). The BL figure shows that CL enhanced the content till the 6th day, and after that, it tended to be reduced. In 12/12 h light conditions, the content initially increased for the 9th day, and then it decreased for the 12th day (Figure 9B). The chlorophyll content increased in the CL under GL condition on the 6th day and continued to decrease until the 12th day. Changes in chlorophyll content were also observed in 12/12 h light conditions (Figure 9C). The chlorophyll was increased in RL conditions under CL for the 6th day and continuously decreased in the following days. The 12/12 h light period also showed an increase in content throughout the experiment (Figure 9D).





3.3. Biophysical Studies of Light Quality in M. pudica


Artificial light significantly altered the growth and productivity of M. pudica through the modulation of photosynthetic processes. In the present studies, the impacts of different lights on chlorophyll fluorescence kinetics, phenomenological energy fluxes, density of reaction centers, and performance index were studied on M. pudica.



3.3.1. Chlorophyll a Fluorescence


Light quality significantly altered the chlorophyll a fluorescence OJIP kinetics in M. pudica. In 12/12 h light period-grown plants, two intermediate peaks FJ (chlorophyll fluorescence at 2 ms) and Fi (chlorophyll fluorescence at 300 ms) were formed between FO and FM, forming a typical fluorescence OJIP curve for chlorophyll a. The chlorophyll a fluorescence increased continuously from initial (FO) to maximal (FM) fluorescence intensity in M. pudica growing under 12/12 h light period conditions. In CL, the JI and IP phase of the OJIP curve was suppressed under BL, GL and RL at the 12th day of experiment (Figure 10B–D).



FM was slightly decreased on the 12th day in white, blue, green and red CL as compared to the 12/12 h light period. On the 12th day in 12/12 h, a significant reduction in FM was reported as compared with 12/12 h WL light condition and plants were failed to form a complete OJIP curve (Figure 10A). The results clearly indicate that CL significantly decrease fluorescence at 100 µs (F2), fluorescence at 300 µs (F3) and maximal fluorescence (when all PS II reaction centers are closed) in M. pudica.




3.3.2. Phenomenological Energy Fluxes


Phenomenological energy fluxes mean absorption flux per cross-section (ABS/CS), trapped energy flux per cross-section (TR/CS), electron transport flux per cross-section (ET/CS) and dissipated energy flux per cross-section (DI/CS) are significantly modulated by light period in M. pudica (Figure 11). Absorption flux per cross-section (ABS/CS) did not alter in 12/12 h WL and 12/12 h GL throughout the experiment (Figure 11E,H). The lowest values of ABS/CS were noticed on the 12th day in 12/12 h BL and GL (Figure 11F,H). The absorption potential per cross-section significantly declined in plants growing in the continuous WL, BL and GL; meanwhile, no significant changes were observed in the red CL. The electron transport efficiency of M. pudica was found sensitive to CL. CL drastically reduced the electron transfer system in WL, BL and GL whereas 12/12 h light period reduced trapping in BL and GL. The ET and DI were changed in a similar manner as the ABS and TR were changed (Figure 11E–H).




3.3.3. Density of Active Reaction Centers


The number of active PS II reaction centers (RC/CS) was high in the initial days, and then decreased with the last days (Figure 11). The lowest numbers of active reactions center were recorded on the 12th day of the WL, BL and GL continuous light. In the 12/12 h light period, the inactive reaction was increased on the 12th day in BL and GL. Active and inactive PSII reaction centers are presented diagrammatically by white and black circles, respectively, in the leaf models (Figure 11E–H).




3.3.4. Yield and Flux Ratio


The quantum yield of primary photochemistry FV/FM (ΦPo) was not much affected in the 12h light period, which reflects the overall photosynthetic potential of active PSII reaction centers. However, a significant decline in FV/FM was recorded on the last day of CL, which was the lowest in red CL. In the 12/12 h light period, ΦEo was increased in WL and BL, whereas in GL and RL, it was reduced. Similarly, in the CL, it was reduced that was lowest in RL. ΦDo was not changed in 12/12 h WL and BL while it was decreased in the GL and RL periods. In the CL, it was enhanced in each light condition (Table 1).




3.3.5. Performance Index


Photosynthesis performance on absorbance basis; PIABS was determined in M. pudica exposed to various light conditions (Table 1). Different light spectra led to a significant effect on the performance index on an absorption basis (PIABS) in M. pudica. PIABS declined sharply in CL on the 12th day in each light condition and the lowest was in RL. The performance index on an absorption basis (PIABS) was not significantly affected in 12/12 h light period but it was reduced in GL (Table 1).






4. Discussion


In this study, the effects of a range of spectral compositions of LED light on the physiology of M. pudica plants were quantified. The observations underlying these calculations and the implications of these results are discussed below. In the current study, M. pudica development was considerably hindered by GL and RL, whereas WL and BL had no significant impacts. Light quality significantly affects the morphological characteristics of M. pudica, especially in GL and RL, leading to enhanced senescence effects. Light is an important factor to initiate and/or modulate senescence rates both in the vegetative as well as the flowering stages [40]. Reduction in chlorophyll and overproduction of reactive oxygen species (ROS) might be the basis of the senescence symptoms. In a similar study, WL and BL prevented senescence, whereas GL and RL promoted this in cucumber plants [41,42].



Light affects the synthesis of photosynthetic pigments, which affects photosynthesis, and thus, plays an important role in plant growth and development [43]. Chlorophyll absorbs light energy and transfers it to the chloroplasts for photosynthesis [19]. The lighting system severely affects the pigment concentration in M. pudica, as seen by chlorophyll content. In this study, M. pudica had the highest chlorophyll content in WL and the lowest in RL. A higher chlorophyll content was shown to increase light absorption and, therefore, increase net photosynthesis [19]. The total chlorophyll content decreased under continuous monochromatic BL, RL and GL under CL, indicating that monochromatic light causes damage to the photosynthetic pigments. However, compared to other lights, WL treatment resulted in significantly higher leaf Chl content, which is inconsistent with the results of studies on lettuce and Anoectochilus roxburghii [44,45]. This is steady with how light quality affects the amount of chlorophyll in lettuce leaves [46]. Several studies suggested that RL inhibited the chlorophyll formation as a result of the reduction in 5-aminolevulinic acid, a biosynthetic precursor of chlorophyll [47]. According to reports, blue light is essential for the production and accumulation of chlorophyll [48]. As a result, the increased chlorophyll content under WL in this study might have been due to the influence of blue light on chlorophyll production. The higher chlorophyll content indicated adjustment of the antenna complex in the photosynthetic apparatus to absorb more light, demonstrating adaptation to high light and a stronger ability for light–energy conversion [49].



The JIP-test method is an add-on to the quality assessment process that allows for detection of most biological deregulations and is commonly used in experiments where only one or a limited number of stress factors are dominant [50,51]. According to the OJIP curve, the O–J normalized phase is related to the electron donation from the oxygen-evolving complex (OEC) to the oxidized PSII reaction center chlorophyll (P680+) [52]. The J–I and I–P normalized phase provide information about an imbalance between the oxidation and reduction of QA and the plastoquinone (PQ) pool, respectively [53]. Monochromatic BL, GL and RL induced a decrease in all the OJIP steps during the experimental period compared with other treatments; this indicates that light quality altered both the donor and acceptor sides of PSII and affected electron transport [54]. This result was consistent with the previous study in Cyclocarya paliurus [55]. Under different light conditions, the balance between the scavenging system and ROS formation can be disturbed, leading to oxidative damage to the PSII operating system and its components [56]. Moreover, in such circumstances, the excess energy absorbed by the PSII complex is not coupled with electron transport, which results in a full reduction in the PQ pool and blockage of the electron [57]. Conclusively, light quality and CL damaged the photochemical and non-photochemical redox reactions, reducing the ability of electron transport and slowing ATP synthesis and RuBP regeneration [58]. Therefore, CO2 assimilation was decreased by the imbalance in excitation energy distribution between PSI and PSII [59].



Reduction in FM of M. pudica plants in BL, GL and RL indicates a reduction in the amount of PS II centers which can reduce QA. The reduction in fluorescence occurs either by decreased absorption cross-section area of PS II-associated light harvesting antenna or by retarded electron flow from the donor side of PS II to the PQ pool that needs to be reduced before QA- can accumulate [60]. However, in the experiment, it was due to retarded electron flow rather than a decrease in the absorption cross-section area. At first glance, we can easily deduce that the more electrons from QA-~ are transferred into the electron transport chain, the longer the fluorescence signals remain lower than FM and the area becomes bigger. A decline in PSII quantum yield represented by Fv/FM was observed during all the light treatments at successive day intervals. The Fv/FM value of most dark-adapted plant species is 0.83 and is frequently used as a sign of plant photosynthetic function [61]. When plants grow in a favorable environment, Fv/FM is kept in a stable range, but it decreases in an adverse environment [62]. The decreased values of FV/FM in leaves of M. pudica plantlets grown under RL, GL and BL suggested that plants underwent photoinhibition which reduced photochemical efficiency and PS II activity. In a similar study, Phalaenopsis had lower Fv/FM values in monochromatic light conditions than in treatments containing more white light [63].



The leaf model of phenomenological energy fluxes (per CS), based on the obtained parameters from the chlorophyll a fluorescence induction curve, was used to demonstrate the changes in the electron transport mechanism under different lighting conditions. The decrease in ABS/CSM reflects an increased density of inactive reaction centers in response to light quality treatment [64]. Additionally, TR/CSM and ET/CSM denote the trapped energy flux and electron transport flux per reaction centre, respectively. The elevated values under the RL were presumably caused by the transit of photons absorbed by inactive reaction centres to active reaction centres [65]. The increase in closed reaction centers due to a lower rate of photosynthesis inhibits the PSII repair cycle and processes that protect the plant from photoinhibition [66]. Furthermore, the enhanced value of heat dissipation per reaction centre (DI/CSM) and the quantum yield of energy dissipation (ΦDo) were used to support findings. Higher values of non-photochemical quenching were observed as a result of the inability of active centres to absorb photons effectively. [67]. The above results indicated that M. pudica plantlets grown under monochromatic light conditions underwent photoinhibition and had increased inactivated reaction centers and improved energy consumption in the activated reaction centers [25].



ΦPo, often used to indicate the quantum yield of electron transfer during plant photosynthesis, reflecting the actual light energy capture rate when the reaction centers are partially closed. The energy flux ratios ΦDo (DI/ABS); and ΦEO (ET/ABS) all link experimental fluorescence signals to the quantum yield of primary photochemistry ΦPo [20]. The lower PSII photochemical performance (lower PIABS and ΦEo) in monochromatic RL and BL grown plants was due to the higher light energy absorption (ABS/CSM), trapping (TR/CSM) and dissipated energy flux (DI/CSM), which consequently resulted in a decreased quantum yield of electron transport (ΦEo) and maximum quantum yield of primary photochemistry (ΦPo). The decrease in the ΦE0 under RL indicated that the acceptor side of PS II in the electron transport of PS II was inhibited [39]. Therefore, we propose that BL increased the rate of photosynthesis in M. pudica plants but reduced the heat dissipation ability of PSII. Thus, BL is beneficial to M. pudica because it improves the efficiency of light energy conversion and allows increased energy accumulation for carbon assimilation in the dark reactions. Similar results were also found in Carpesium triste [68].



The three factor processes of photosynthesis—ABS, TR and ET—are taken into account by the multiparametric expression known as PIabs. The PIabs under WL were appreciably reduced, indicating that the PSII activity was reduced and the rate of final electron transfer to PSI through PQ was reduced [69]. The much lower PIABS showed that RL was inhibiting the activity of the photosynthetic apparatus as well as the ability of the PS II antenna to conserve energy from photons absorbed by it to the reduction of QB [70]. Similarly, it was discovered that Calendula officinalis exhibited photoinhibition under monochromatic RL, as evidenced by a decrease in excitation efficiency and an increase in energy dissipation [71]. A study in rose plants found that monochromatic red or blue LED showed a more sensitive electron transport system under high light-intensity treatment as compared to those grown under combined red and blue or white LED. Plants grown under red light exhibit characteristics of shade plants [72]. Chlorophyll a fluorescence characteristics were systematically analysed to reveal light energy transformation, electron transport, and activity of the photosynthetic apparatus under various light conditions. WL and BL lead to rise in values of PIABS, which showed positive effects in the electron transport process from QA to QB and a higher activity of the photosynthetic apparatus.



One of the defenses against oxidative stress and a response of antioxidant enzymes to light quality is thought to be the increased generation of ROS [73]. CAT and SOD protect the plant cells from harmful free radicals by removing the O2- [19]. The highest antioxidant potential was observed in BL, which was confirmed by the highest activity of CAT, POD and SOD. The findings confirmed that blue wavelengths benefit the growth and quality of M. pudica plants. Our results showed that the SOD, POD and CAT activities of M. pudica grown under RL, GL and BL enhanced significantly as compared to plants grown under WL. A recent study showed that compared with WL, the antioxidant enzyme activity in rice plant leaves under monochromatic RL or BL, increased significantly [74]. Moreover, Dong et al., found that as compared to WL, the GL and RL enhanced the SOD activity of wheat plant leaves during flowering stage [75]. Therefore, increased activities of SOD, POD and CAT may efficiently scavenge the ROS and lessen the damage of ROS to the cell. In our experiments, the induction of different antioxidants by light in a time-specific pattern demonstrates an activation of the cellular antioxidative system. Likewise, the transient elevation of GPOD enzyme activity levels in BL, GL and RL found in our experiments is similar to the induction pattern of GPOD levels in Stevia exposed to different light quality [76]. Various plant species were found to have higher ROS levels as they senescence, and this change may have been driven on by a decline in the activity of some antioxidant enzymes [77].



Though insignificant, comparatively more lipid peroxidation activity was found in RL grown plants. There was poor development of plants under red LED because of high lipid peroxidation activity, which generated ROS. It is assumed from our results that the lipid peroxidation activity associated with MDA production might have caused the impairments in the activity of photosynthesis. When Faszal et al. and Yu et al. examined Prunella vulgaris and Camptotheca acuminata seedlings under various LEDs, they discovered similar results [78,79].



As proline can ameliorate the effects of stress, the capacity of plants to accumulate proline is considered a main factor in tolerating stress [19]. In our study, RL increases the proline level, whereas GL has little effect on it, which suggests that RL has a tolerance capacity to stress. In an experiment, BL and RL showed a significantly higher content of proline and the minimum contents were observed in the GL-grown plants compared with the plants grown under white light [80]. Similarly, in a recent observation, higher proline levels were found under BL compared to the other light qualities [81].



The production of carbohydrates in the leaves of plants is induced by the light environment [82]. Light is an key factor for the synthesis of carbohydrates and exposure to different light qualities triggers the production of carbohydrates [83]. In this study, we found that light quality affected the starch content. In the present investigation, the starch content of M. pudica grown under GL and RL was significantly lower than in leaves grown under WL and BL. Previous studies also reported that CL and monochromatic lights provoked the synthesis of starch [84,85,86,87]. At the end of the experiment, the reduction in starch content evidenced the inhibition effect of feedback control on photosynthesis cannot be ruled out under RL, BL and WL [88].



The decline in fluorescence parameters such as ΦPo, ΦEo and enhancement in ΦDo at different light conditions indicates that an excess amount of energy absorbed by the pigments was not used during CO2 fixation, thus decreasing the efficiency of PSII and photochemical quenching. The lower growth rate under red light can be attributed to the poor overlap of the emission spectra of the red LED with the absorption spectrum of M. pudica, whether of the cells or of the photosynthetic pigments. The increased ROS content and antioxidant capacity reveal that the plant was under stress and adversely affected by different light wavelengths.




5. Conclusions


According to the results, the morphology and physiology of M. pudica was significantly affected by the light spectra and continuous light period. On the basis of these findings, it can be concluded that WL promoted plant growth and development by increasing chlorophyll content, reducing ROS accumulation and enhancing starch content. On the other hand, BL, GL and RL reduced plant growth and enhanced senescence by increasing the contents of MDA which means BL, GL and RL induced oxidative damage in the leaves of M. pudica. The decrease of photosynthesis under BL was associated with the inactivation of the photosystem, and by the reduction in chlorophyll and starch content. Accumulation of a high content of proline and high enzymatic activities of SOD and POD in leaves of M. pudica grown under WL reduced the light stress. This study helped us investigate the morphological and physiological response of M. pudica to various light spectra under greenhouse environment. It had been concluded that monochromatic RL and BL may have their own effects on plant metabolism and growth, but they were rather small in comparison to broad-spectrum white light.
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Abbreviations




	BL
	Blue light



	GL
	Green light



	RL
	Red light



	WL
	White light



	CL
	Continuous light



	ROS
	Reactive oxygen species



	Chl
	Chlorophyll



	SOD
	Superoxide dismutase



	CAT
	Catalase



	GPOX
	Guaiacol peroxidases



	PS
	Photosystem



	RC
	Reaction center



	Fm
	Maximal fluorescence intensity



	ABS/CSM
	Absorbed photon flux per excited cross-section



	ET0/CSM
	Electron transport flux from QA−to PQ per cross-section



	DI0/CSM
	Dissipated energy flux per cross-section of PSII



	RC/CSM
	Density of active PSII RCs



	ΦPo
	Maximum quantum yield of primary PSII photochemistry (TR0/ABSM or Fv/FM)



	ΦEo
	Quantum yield of electron transport from QA to PQ (ET0/ABS)



	ΦDo
	Quantum yield of energy dissipation in PSII antenna (DI/ABS)



	PIABS
	Performance index on absorbance basis



	PQ
	plastoquinone
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Figure 1. Leaves of M. pudica on initial day (0th day) (A–D) and under white (E), blue (F), green (G) and red (H) light for the 12th day in the 12/12 h photoperiod. 
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Figure 2. Leaves of M. pudica on initial day (0th day) (A–D) and under white (E), blue (F), green (G) and red (H) light for the 12th day in the 24/0 h photoperiod. 
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Figure 3. SOD activity in M. pudica grown under (A) white, (B) blue, (C) green and (D) red light. Values are presented in the average of triplicates ± SD. Black and blue color bar shows the 12/12 h light period, while, blue bar shows the 24/0 h photoperiod. Different characters show significant differences among the results (p  ≤  0.05). 
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Figure 4. Catalase activity in M. pudica grown under (A) white, (B) blue, (C) green and (D) red light. Values are presented in the average of triplicates ± SD. Black and blue color bar shows the 12/12 h light period, while, blue bar shows the 24/0 h photoperiod. Different characters show significant differences among the results (p  ≤  0.05). 
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Figure 5. GPOD activity in M. pudica grown under (A) white, (B) blue, (C) green and (D) red light. Values are presented in the average of triplicates ± SD. Black and blue color bar shows the 12/12 h light period, while, blue bar shows the 24/0 h photoperiod. Different characters show significant differences among the results (p  ≤  0.05). 
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Figure 6. MDA content in M. pudica grown under (A) white, (B) blue, (C) green and (D) red light. Values are presented in the average of triplicates ± SD. Black and blue color bar shows the 12/12 h light period, while, blue bar shows the 24/0 h photoperiod. Different characters show significant differences among the results (p  ≤  0.05). 
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Figure 7. Proline content in M. pudica grown under (A) white, (B) blue, (C) green and (D) red light. Values are presented in the average of triplicates ± SD. Black and blue color bar shows the 12/12 h light period, while, blue bar shows the 24/0 h photoperiod. Different characters show significant differences among the results (p  ≤  0.05). 
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Figure 8. Starch content in M. pudica grown under (A) white, (B) blue (C) green and (D) red light. Values are presented in the average of triplicates ± SD. Black and blue color bar shows the 12/12 h light period, while, blue bar shows the 24/0 h photoperiod. Different characters show significant differences among the results (p  ≤  0.05). 






Figure 8. Starch content in M. pudica grown under (A) white, (B) blue (C) green and (D) red light. Values are presented in the average of triplicates ± SD. Black and blue color bar shows the 12/12 h light period, while, blue bar shows the 24/0 h photoperiod. Different characters show significant differences among the results (p  ≤  0.05).
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Figure 9. Chlorophyll content in M. pudica grown under (A) white, (B) blue (C) green and (D) red light. Values are presented in the average of triplicates ± SD. Black and blue color bar shows the 12/12h light period, while, blue bar shows the 24/0 h photoperiod. Different characters show significant differences among the results (p  ≤  0.05). 






Figure 9. Chlorophyll content in M. pudica grown under (A) white, (B) blue (C) green and (D) red light. Values are presented in the average of triplicates ± SD. Black and blue color bar shows the 12/12h light period, while, blue bar shows the 24/0 h photoperiod. Different characters show significant differences among the results (p  ≤  0.05).
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Figure 10. OJIP curve of M. pudica grown under (A) white, (B) blue, (C) green and (D) red light. Values represent mean of ten independent measurements. 
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Figure 11. Leaf model of M. pudica on initial day (0th day) (A–D) and under white (E), blue (F), green (G) and red (H) for the 12th day in the 12/12 h photoperiod. Leaf model of M. pudica on initial day (0th day) (I–L) and under white (E), blue (F), green (G) and red (H) light for the 12th day in the 24/0 h photoperiod. (M–P) represents 12th 341 day readings in W, B, G and R light for 24 h. 
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Table 1. Changes in different photosynthetic parameters in different light conditions. Where W12 (white light for 12 h), B12 (blue light for 12 h), G12 (green light for 12 h), R12 (red light for 12 h), W24 (white light for 24 h), B24 (blue light for 24 h), G24 (green light for 24 h), R24 (red light for 24 h). Values are presented in the average of triplicates ± SD. Different characters show significant differences among the results (p ≤ 0.05).






Table 1. Changes in different photosynthetic parameters in different light conditions. Where W12 (white light for 12 h), B12 (blue light for 12 h), G12 (green light for 12 h), R12 (red light for 12 h), W24 (white light for 24 h), B24 (blue light for 24 h), G24 (green light for 24 h), R24 (red light for 24 h). Values are presented in the average of triplicates ± SD. Different characters show significant differences among the results (p ≤ 0.05).





	Light Condition
	Observation Time (Days)
	FM
	ΦPo
	ΦEo
	ΦDo
	PIabs





	W12
	0
	1317 ± 175.53 ns
	0.8033 ± 0.05 ns
	0.6112 ± 0.01 ns
	0.1967 ± 0.01 ns
	124.5912 ± 7.56 ns



	W12
	12
	1321 ± 196.23 ns
	0.8055 ± 0.03 ns
	0.62 ± 0.03 ns
	0.1945 ± 0.03 ns
	121.9445 ± 10.23 ns



	W24
	0
	1365 ± 151.36 a
	0.8029 ± 0.02 ns
	0.6029 ± 0.09 ns
	0.1971 ± 0.04 a
	108.5457 ± 11.98 a



	W24
	12
	475 ± 85.23 b
	0.4505 ± 0.05 ns
	0.1937 ± 0.07 ns
	0.5495 ± 0.05 b
	1.8076 ± 13.78 b



	B12
	0
	1232 ± 168.96 a
	0.7792 ± 0.10 ns
	0.4074 ± 0.05 a
	0.2208 ± 0.06 ns
	31.6599 ± 5.87 a



	B12
	12
	430 ± 74.25 b
	0.7256 ± 0.04 ns
	0.5116 ± 0.04 b
	0.2744 ± 0.02 ns
	40.5881 ± 8.23 b



	B24
	0
	834 ± 156.36 ns
	0.7014 ± 0.05 ns
	0.3897 ± 0.02 a
	0.2986 ± 0.02 a
	17.3892 ± 12.47 a



	B24
	12
	291 ± 48.65 ns
	0.4983 ± 0.03 ns
	0.2955 ± 0.06 b
	0.5017 ± 0.04 b
	6.2586 ± 13.48 b



	G12
	0
	1346 ± 198.23 a
	0.7964± 0.06 ns
	0.5683 ± 0.08 ns
	0.2036 ± 0.03 a
	78.3994 ± 9.72 a



	G12
	12
	523 ± 79.56 b
	0.5373 ± 0.08 ns
	0.2658 ± 0.03 ns
	0.4627 ± 0.05 b
	5.559 ± 13.56 b



	G24
	0
	1372 ± 145.84 a
	0.7934 ± 0.05 ns
	0.5591 ± 0.05 a
	0.207 ± 0.06 a
	74.6763 ± 10.89 a



	G24
	12
	231 ± 56.87 b
	0.3939 ± 0.07 ns
	0.2121 ± 0.04 b
	0.6061 ± 0.08 b
	2.6136 ± 11.43 b



	R12
	0
	1465 ± 199.23 a
	0.8096 ± 0.08 ns
	0.6089 ± 0.02 a
	0.1904 ± 0.03 a
	121.8065 ± 15.98 a



	R12
	12
	535 ± 98.57.25 b
	0.5869 ± 0.09 ns
	0.2953 ± 0.10 b
	0.4131 ± 0.02 b
	4.9906 ± 18.25 b



	R24
	0
	1434 ± 174.84 a
	0.7964 ± 0.06 a
	0.5886 ± 0.09 a
	0.2036 ± 0.01 a
	93.8863 ± 11.78 a



	R24
	12
	117 ± 23.38 b
	0.1795 ± 0.10 b
	0.0684 ± 0.10 b
	0.8205 ± 0.02 b
	0.1964 ± 9.58 b
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg





media/file4.png
[Al

E 1,

[B]

[F]

[D]






media/file18.png
r
=
i

I O days S
-Edazs d I O days
1| & days - B 3 days
W 6 days a
. 9days -
1.5 ab

I
1

Chlorophyll CONTENT (mg g’ FW)
5

Chlorophyll CONTENT (mg g "' FW)

0.0-

12/12 h Light 24/0 h Light
g g 24/0 h Light

[B] 12112 h Light

[A]

[C]

=
B —

B C days
I G days
BN 6 days
 9days
- 12 days

B2 i
1 1

Chlorophyll CONTENT (mg g FW)

Q2
L

12/12 h Light

24/0 h Light

[D]

Chlorophyll CONTENT (mg g FW)

B 9 days

| /0 days

B : days
BN & days

12 days

12/12 h Light

24/0 h Light






media/file21.jpg





media/file3.jpg





media/file22.png





media/file19.jpg
T )

)

T )

]





media/file7.jpg
H

AT actvty U FW)
s

aeonuo
0]






media/file10.png
’-D days a
2000

I 3 days 2500 -
W 6 days
~ 9 days
,..g.., 12 days
& Eznm-
'Tm 1500 - =
= ‘™
> a 1500 -
E 5
3 1000 - > b
0 % 1000 -
Q 0 |
o o
O 500- %
500 -
0 - 0-
12/12 h Light 2410 h Light [B] 12/12 h Light 24/0 h Light
[A]
g s
- T
m Y
= o™
- 2 -
s z b
"1
S 1000 - a -
- L Il
2 8
'
(@) (o8
500 O 500
- 0-

12/12 h Light 24/0 h nghl.

[C] _ [D] 12/12 h Ljiht

24/0 h Light






media/file14.png
10 . ; -
I O days I O days |
B | s :
— dﬁ‘ﬁ N 6 days
s 82 :::s s — s B
I 12 days
& - :
o -,-me_
g - 2
5 5
E £ 4-
g 41 5
Q i3]
= e
= S
a2 a2-
[0 -
12/12 h Liiht 24/0 h Light (B] 12/12 h Light 24/0 h Light
[A] A L I
10
d
8
g 12 days g
'Tm 'Tm
g o- g
i B e
5 5
- c
g 4- :
2 £
S ©
a 2- a
0 -

12/12 h Light 24/0 h Light |D] 12/12 h Light 24/0 h Light

€] . $ [






media/file11.jpg
s

MOA content (ymol ' FW)
MOA contont (smol g FW)

e aconige 0] i 2uon i
W — E—— —

N

» &
].:

e

MOA content (g W)

MOA contnt (ymol ' FW)

)





media/file6.png
.20 1 e =
02 B O days a B O days
B 3 days - B 3 days
1| 6 days 0.20 - . Gdays i
- Sdays - Sdays
$ 0.15+ 12 days s 12 days I
= Y015+
(=] 3 o
o
=) 2>
20.10+ l 2
.2 a E D 1{} ]
[5] - 0
1] 4]
Q | d -
g O
~ | D .05 -
— 0.00 -
12/12 h Light 24/0 h Light 12/12 h Light 24/0 h Light

A —

Bl L I
d

2 0.25
0.25 4 B O days
I 0 days ]
|/l 3 days .-Edﬂ‘r’s
B G days — i
0.204 " 9days 0.20 155 12 deys l
? 12 days, g ¥ B b
- | T
= ] |
o . 0,15 - |
20'15 S
= d Py
= | =
2 0.10 4 - 8 0.10 -
@) a
3 %
0.05 - 0.05 -
0.00 - 0.00 - _

3 12/12 h Light 24/0 h Light 12/12 h Light 24/0 h nght
€] [ . L2 *






media/file15.jpg
zhin

£
H
:
:

2z — 2zhun






nav.xhtml


  physiologia-02-00012


  
    		
      physiologia-02-00012
    


  




  





media/file16.png
30—
' 0 days
B 2 days
|| 6 days

ha
o=
1

STARCH content (mg g"' FW)
=

12/12 h Light

[A]

B © days
B 3 days
P 6 days
. 9days
12 days

P
o=
1

STARCH content (mg g” FW)
=

12/12 h Light

24/0 h Light

ab

24/0 h Light

40 -

B 0 days .
b 30-
o
o
E
o 20
c
o)
o
L
©
10 -
<
w
0=
12/12 h Light 24/0 h Light
(Bl ——— f——
Bl © days
B 3 days
304 0 6 days a
S | 9days
O 12 days T
™
o
E
= 20-
=
£
c
o
O
8 5
& 10-
<
e
w
D -
12/12 h Light 24/0 h Light
(D] [ I E——






media/file2.png
[Al

[E]

[B] |

[F]

[C]

[G] &






media/file20.png
1600
. -
1400 0O day 12h )
e 12 day 12h b o
1200 |  +0day 24
]
E: e 12 day 24h
£ 1000
=
8]
= 800
&
=
g 600
[ 75]
2
é 400
.
. o o cossmmmes™ + v
200 | »
0 I P
D. 1 i sl i [ il i il il i | 1
0.01 0.1 1 10 100 1000
[A] Time (mS)
1600
e 0Ddav 12h
1400 4
e 12 day 12h §seina
F1200 |  «0day24h
]
T e 12 day 24h
£ 1000 ‘ 3
8
L
-5 800
g .
¢ 600
L
E o ooteEEmEIS © Sotgey
=2 400 s .l#
E d./
s 88 .
200 comnunmis D © SO ¢ oS
e ' o ¢ soscmmmmun o SolsmpumiD ©6
O J P
u, L i 1 il il | i i il
0.01 0.1 1 10 100 1000
[C] Time (mS)

1400
®0dav 12h
1200 g
e 12 day 12h
o | ../
- «Oday 24h
= 1000
P e 12 day 24h
£ 800 o /---\_
= .
&
£ 600 _/
: s
H ]
g 400 : P
" J -
R ! .H © soegmy
- p—
g ¢ 8 ENENEEN p
0 I i il L PR A | L PR B A | L PR A A |
0.01 0.1 1 10 100 1000
[B] Time (mS)
1800
1600 .ﬂda}" 12h * Souegy,
o 12 day 12h / .
100 « 0 day 24h -'/ e
~
E: 1200 e 12 dayv 24h / -'/
= 0
8
£ 1000 o®
E .
E S00 /.. o 3 ez
g /o'
2 600 . SENSED o
§ ./../
Nt — R
200 2. 4 ==M.
o J I P
D. 1 i il il i ool bl il
0.01 0.1 1 10 100 1000

Time (mS)





media/file5.jpg
50D achviy U g FW)

g

H

2z

200n i

50D acivy U g FW)

P

i P





media/file1.jpg





media/file12.png
10 -
a-

g b

q i £

om ™

T 64 [=

5 £

‘g =

T 4- L

8 8

<

a 5

= 24 =
0 -

12/12 h Light 24/0 h Light [B] 12/12 h Light 24/0 h Light

[A] A

By .
B C days = 0 days
8 B 5 days
B 6 days
§. BN 9 days
T 12d
z 2 ays
"‘m Tmﬁ-
© =]
E E
= =2
; 5
] c
8 8 4
< =T v
ﬂ Q 2__ C |
E E I =
0 -
12/12 h Light 24/0 h Light [D] 12/12 h Light 24/0 h Light
[C] [ .






media/file9.jpg
§ 8 8§ & & °

03,50 Awwace 00do

ani
—— E—

g, 50 Awen c000

C]





media/file0.png





media/file8.png
150 -

o L 400
. ™
= =
= =
S =
m —
- 504 =
< = 50+
Q <
o
0- i
24/0 h Light B 12/12 h Light 24/0 h Light
[A] [B] -
B 0 days
I 5 days
150 150 -ﬁdﬂﬁ a
. SBdays
z z
.m o
= ]
= 100 - = 100 -
. S
£ >
= e
. %
<L 50 - -
< 50 -
© G
0 - o
12/12 h Light 24/0 h Light
[D] 1212 h Light 24/0 h Light

[C]





media/file17.jpg
O]

Criorophyl CONTENT (ma " FW)

syl CONTENT (ma g FW)

e

U]

D)

Criorohyl CONTENT (ma " P

g CONTENT (09"

2z






