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Abstract: Populus trinervis is native to China and plays an irreplaceable role in maintaining the ecological balance of boreal and temperate forests. P. trinervis mainly grows in high-altitude areas. At present, there are limited studies on the response of P. trinervis to different light qualities, so it is necessary to investigate the photosynthetic physiological changes of P. trinervis in different light environments. In our study, P. trinervis was grown for 8 months under light filtered by three different colored films. The three treatments were blue film, green film, and white plastic film. The effects of blue (B), green (G), and white (W) light on photosynthetic pigment content, absolute growth, photosynthetic parameters, soluble sugar content, and chlorophyll fluorescence parameters were studied, respectively. Compared to the W treatment, the chlorophyll a and b, carotenoids, total chlorophyll content (a+b), absolute growth of seedling height, net photosynthetic rate (PN), water use efficiency (WUE), total soluble sugars, sucrose, and nonphotochemical quenching (NPQ) of P. trinervis were significantly increased under B treatment. Meanwhile, chlorophyll a and b, carotenoids, total chlorophyll (a+b), transpiration rate (Tr), intercellular CO2 concentration (Ci), stomatal conductance (gs), absolute growth of seedling height and leaf length, reducing sugar, total soluble sugar content, and NPQ were significantly increased under G treatment. The results showed that the absolute growth and chlorophyll content of P. trinervis were increased under B light, while the sugar and photosynthetic parameters were increased under G light. Additional studies may look into how B light impacts absolute growth and promotional mechanisms, as well as how G light affects the accumulation of sugar levels.
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1  Introduction

Photosynthetic organisms rely on light capture and the conversion of their energy into stored photosynthetic products, light is not only an important environmental signal that affects plant growth but also provides energy for their growth and development [1]. In the first step of photosynthesis, the plant’s photosynthetic pigments intercept the light signal and transfer it to the reaction center of the two light systems, Photosystems II and I (PSII, PSI), which constitute the photosynthetic unit. The quality and wavelength of light play a crucial role in influencing the photosynthetic process in plants [2,3]. Several published studies have revealed that light quality affects seed germination [4], circadian rhythm [5], axillary bud growth [6], morpho-physiological [7], secondary metabolite synthesis network [8], the ultrastructure of chloroplasts and anatomical structure of leaves [9], disease resistance [10], anthocyanin biosynthesis [11] and gene expression [12]. Studies conducted by Eze Pojmann-Ezeonyilo have demonstrated that the quality of light can impact pest biology, thereby suggesting that light quality could be a valuable tool for pest management [13]. Different light qualities can cause different physiological and metabolic responses in plants, leading to different growth states of plants. Blue light increases the photosynthetic rate and promotes stomatal opening [14]. The study of [15] has revealed that green sensors can regulate the growth of plants, in addition to red, far red, blue, and ultraviolet (UV) sensors. In this article, blue, green, white, red, and far red are represented by B, G, W, R, and FR, respectively.

The supplemental lighting and an increase in the photosynthetic daily light integral are often used to improve harvest in the process of agricultural production. Photobiological studies have revealed that the use of blue-violet light with a wavelength of 400–480 nm is conducive to improving the efficiency of photosynthesis and the protein content of crops. Exposure to B or R light, or a combination of both, enhances the expression of potassium transporter genes, leading to increased potassium uptake and accumulation. This results in enhanced lycopene synthesis and improved color of tomato fruits [16]. Exposure to B or R light, or a combination of both, enhances the expression of K transporter genes, leading to increased potassium uptake and accumulation. This results in enhanced lycopene synthesis and improved color of tomato fruits. Several methods have been adopted to mitigate the reduced yield caused by different light conditions, including breeding varieties with altered developmental responses. Compared with these methods, light-emitting diode (LED) lighting is increasingly being used for greenhouse crop cultivation because of its long service life, low energy consumption, and low heat output [17,18]. The role of auxiliary lighting has been demonstrated in numerous studies of watermelon, chrysanthemum, mustard, roses, and Brassica rapa ssp. Chinensis [19–23]. Changes in the ratio of R to B light in irradiated lettuce can increase the contents of sugars and phenols in its leaves and increase its yield [24]. Yu et al. [25] use m-MeOPTCDA converters to convert yellow-green light (510–580 nm) of sunlight into blue-violet light and red-orange light that can be absorbed by plant leaves to improve the photosynthetic efficiency of crops. Adding R light to lettuce and other leafy plants can control their plant structure. The addition of R light can reduce leaf decline and internode elongation, further, slow down plant aging and increase plant yield [26]. Prolonged exposure to certain plants, such as tomatoes and bell peppers, can improve fruit quality and yield [27,28]. At present, the research and application of light-quality control in vegetable cultivation and flower cultivation are more and more extensive, but research on the impact of light quality on tree breeding is scarce. Therefore, it is crucial to investigate how tree seedling growth and photosynthesis respond to different light qualities.

Populus trinervis is native to China and was first found in Sichuan Province. Most of them are found at altitudes between 2100 and 3000 meters. Its leaves are 2.5–5 cm wide and 4–7 cm long [29]. P. trinervis plays an irreplaceable role in the ecological balance of boreal and temperate forests. They can grow in environments such as riparian forests and provide a habitat for wild animals. So, it is very adaptable to the environment. As the altitude increases, UV light enhancement in natural light, the proportion of short wavelengths represented by B light usually has noteworthy effects on plant growth and adaptation. However, there are limited studies on the response of P. trinervis to light quality in high-altitude mountains, the changes in the photosynthetic physiology of P. trinervis under different light-quality environments is not clear, and its adaptability to different light quality is not well understood.

B light, G light, R light, and FR light occupy a large proportion of the relative content of visible light in the middle and high-altitude areas where P. trinervis grows [30]. In the present study, we focused on the influence of B light and G light on the growth of P. trinervis and measured the absolute leaf growth and photosynthetic response parameters of poplar cuttings under different light qualities. The study is expected to provide a theoretical basis and a reference for further exploring the introduction and cultivation of different poplar species in high-altitude areas.

2  Materials and Methods

2.1 Plants and Light Treatments

The experiment was conducted in climate chambers at Southwest Forestry University of Yunnan province (25°06′N, 102°76′E) from March to October 2020. P. trinervis plants were collected from different P. trivernis individuals, and maintained in a greenhouse. The 1-year-old trunk with the same growth and no pests and diseases was harvested, and the middle section with full buds was cut to produce cuttings with a length of 25 cm. Cuttings were planted in a 42 cm nursery pot, and the cultivation substrate was rural laterite:peat:humus = 1:2:1. One cutting is inserted into a basin, and 15 cuttings are propagated in each clone, which is placed in the intelligent greenhouse. Three clones were used as three biological replicates. At the end of July, the cuttings with strong and similar growth were selected and transferred to the vault covered by different color films. The arch shed covered with films of different colors was built in an open area and arranged in the east-west direction. The specifications were length * width * height = 3 m * 3 m * 2 m, and the spacing between the arch shed was 2 m, respectively, covered with B, G, and W films. We replace film every 20 d or so, to ensure the stability of light intensity and quality in the arch shed. One arch shed was built for each color film for a treatment. Under each treatment, 3 pots of the same clone cuttings were placed, and 3 replicates were set for each treatment, a total of 9 pots. The related indexes of seedlings were measured after 60 days of growth under different film treatments.

We measured the radiant energy of the spectrum using an HR-550 plant intelligence spectrometer. Related photosynthetic indexes were measured at 20 cm points below the membrane of the vault every 2 h from 8:00 to 18:00. We determined transmission spectrum components like the Photosynthetic Photon Flux Density (PPFD), The PPFD value was used as the representative value of transmission spectrum of different color films. We measured the transmission spectrum values of different color films in one day as shown in the (Fig. 1) below. The average values of the transmission spectra under B, G, and W films are 406.54, 920.37, and 1030.30, respectively.
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Figure 1: Diurnal variation curves of photosynthetic photon flux density under different treatments. Each treatment’s transmission spectrum was represented by the average of three measurements of PPFD values taken during each period

2.2 Determination of Photosynthetic Pigment

Fresh leaves of P. trinervis under different treatments were collected, respectively (No. 5~7 from the top canopy). Chlorophyll (Chl) a, Chl b, and carotenoids (Car) were extracted with 80% cold acetone. The absorbance A665, A649, and A470 were determined by visible light spectrophotometer at 665, 649, and 470 nm, respectively. For each treatment, the mean value was measured three times, and three biological replicates were set. The concentrations of Chl a, Chl b, and Car are calculated as follows [31]:

Chl a (mg/g−1 FW) = ((13.95A665−6.88A649) * extracting solution)/(fresh weight of sample * 1000)

Chl b (mg/g−1 FW) = ((24.96A649−7.32A665) * extracting solution)/(fresh weight of sample * 1000)

Car (mg/g−1 FW) = ((1000A470+3.27 * (13.95A665−6.88A649) + 104 * (24.96A649−7.32A665)/

        229 * extracting solution))/(fresh weight of sample * 1000)

Chl a/b = Chl a/Chl b

Chl a+b = Chl a+Chl b

2.3 Determination of Growth Parameters

In July and September 2020, tape measures and vernier calipers were used to determine the length (seedling height) and the thickness (ground diameter) at the base 2 cm of the main branch of P. trinervis under different treatments. Under each treatment, the average value of three seedlings from each clone was taken as one replicate, and a total of three biological replicates were determined.

2.4 Determination of Sugar Content

Total soluble sugar, reducing sugar, and amylum were prepared by the anthrone-sulfuric acid method and the 3,5-dinitro salicylic acid method, respectively. The absorbance values were measured by a visible light spectrometer, and the calculation of sucrose and amylum contents was done based on the corresponding calculation method [32]. A biological replicate for each treatment was created by measuring each sample three times and calculating the mean value.

Content of reducing sugar (%) = (C * Vt)/(W * Vs) * 100%

Total soluble sugars content (%) = (C * Vt * n)/(W * Vs *1000) * 100%

Amylum content (%) = (C * Vt * 0.9)/(W * Vs  *1000) * 100%

Sucrose content (%) = (Total soluble sugars content − content of reducing sugar) * 0.95

In the above formula: C: The glucose content in the tube of the sample measured or calculated from the standard curve (mg); Vt: Total volume of sample extract (mL); Vs: Sample volume (mL); W: Sample dry weight (mg); n: Dilution ratio; 1000: Conversion factor; 0.9: Conversion coefficient of glucose into starch.

2.5 Determination of Photosynthetic Characters

We monitored the determination of photosynthetic characters in mid-September 2020 using the LI-6800 (LI-COR, USA) XT portable photosynthesis system’s quantum sensor. The gas exchange parameters and environmental factors were measured at 8:00~17:00 every 2 h under different treatments. The index mainly includes the net photosynthetic rate (PN), transpiration rate (Tr), stomatal conductance (gs), intercellular CO2 concentration (Ci), water use efficiency (WUE) (WUE = PN/Tr), and Chl fluorescence parameters. Besides, measurements were made between 8:00 to 9:00 h, minimal fluorescence of dark-adapted state (F0), photochemical quenching coefficient (qp), fresh mass (Fm), the quantum efficiency of PSII (PSII), Variable fluorescence (Fv) (Fv = Fm − F0) and nonphotochemical quenching (NPQ) were measured by using LI-6800, and determined in accordance with the law of van Kooten et al. [33] and Maxwell et al. [34]. The quantity of leaves per plant clones was measured across various treatments.

2.6 Statistical Analysis

The SPSS package was utilized for conducting a one-way analysis of variance (ANOVA) to analyze all data sets. Means were then compared using Duncan’s new multiple-range test. Graphs were created using Origin 8.5 (OriginLab Corporation, Northampton, MA, USA) and GraphPad Prism 8.0 (GraphPad Software, San Diego, CA, USA).

3  Results

3.1 Analysis of Transmission Spectral Ratio with Different Colors Films

There are extremely significant differences between the light-quality components under different color films (Fig. 2). The ratio of UV and red light transmittance of the W film is significantly higher than that of B film and G film; The ratio of B light and FR light transmitted by B film is significantly higher than G film and W film; While under G film, the ratio of G light is much greater than that of B film and W film, and the ratio of R light is significantly higher than that of B film. It can be seen that the wavelength of light passing through the B and G films is the same as the B and G light wavelengths. In addition, we found that B film is conducive to the transmission of FR light, and W film is more conducive to the transmission of R light.

[image: images]

Figure 2: The composition and ratio of ultraviolet light (PFD-UV), blue light (PFD-B), red light (PFD-R), green light (PFD-G), and far-red light (PFD-FR) transmitted spectra under different color films. Different-colored columns represent different treatments. The data are shown as means ± standard deviation, with different letters (a, b, c) above the bars denoting statistically significant differences between treatments as determined by Duncan’s new multiple-range test at p < 0.05

3.2 Photosynthetic Pigments

Chlorophyll content was significantly affected by the three different light-quality treatments (Fig. 3). In general, Both treatments B and G led to a significant increase in the levels of Chl a, Chl b, and Car in P. trinervis compared to the W treatment. The B treatment showed the highest levels of Chl a, Chl b, and Car contents, which were notably greater compared to the levels observed in the G and W treatments (p < 0.05). The levels of Chl a+b peaked in the B treatment, showing a significant increase compared to both the G and W treatments (p < 0.05). Conversely, the trend observed for Chl a/b is inverted. The results indicated that Chl a/b was highest under the W treatment, significantly surpassing levels in the B and G treatments (p < 0.05).
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Figure 3: Effects of different light qualities on the levels of chlorophyll a, chlorophyll b, carotenoids, chlorophyll a/b, and chlorophyll (a+b), in the leaves of P. trinervis. Different-colored columns represent different treatments. The data are shown as means ± standard deviation, with different letters (a, b, c) above the bars denoting statistically significant differences between treatments as determined by Duncan’s new multiple-range test at p < 0.05

3.3 Morphological Traits

The morphological characteristics of P. trinervis showed significant alterations under the influence of the three distinct light-quality conditions (Fig. 4). The G light accelerated significantly seedling height, the G treatment yielded the tallest seedling height, which was significantly greater than the heights observed in the B and W treatments (p < 0.05). The G light also positively promoted the stem diameter, leaf length, and petiole length of P. trinervis. There was a notable increase in the stem diameter with the G treatment as opposed to the B treatment. (p < 0.05) and slightly larger than the W treatment. The leaf length was considerably longer in the G treatment in comparison to the W treatment (p < 0.05) and slightly longer than the B treatment. Notably, the G treatment had the longest petiole length, which was significantly greater than that of the B treatment. (p < 0.05) and slightly longer than the W treatment. Nevertheless, no significant variances were found in leaf width across the three different light-quality treatments.
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Figure 4: Effects of different light qualities on the seedling height, stem diameter, leaf length, leaf width, and petiole length of P. trinervis. Different-colored columns represent different treatments. The data are shown as means ± standard deviation, with different letters (a, b, c) above the bars denoting statistically significant differences between treatments as determined by Duncan’s new multiple-range test at p < 0.05

3.4 Photosynthetic Characteristics

The photosynthetic characteristics of P. trinervis leaves showed significant variations among different treatments (Table 1). It was found that the values of Tr, Ci, and gs were the highest in the G treatment, surpassing those in the B and W treatments (p < 0.05). Conversely, the highest PN value was documented in the B treatment, slightly edging out the G treatment and significantly outperforming the W treatment (p < 0.05). Moreover, the highest WUE value was observed in the B treatment, showing a significant difference compared to both the G and W treatments (p < 0.05). These findings suggest that different light-quality have a direct impact on the photosynthetic performance of P. trinervis leaves, with implications for overall the growth and productivity of plants.
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3.5 Accumulation of Sugar Content

There were distinct variations in the concentrations of reducing sugar, total soluble sugar, amylum, and sucrose in the leaves of P. trinervis across the B, G, and W treatments (Fig. 5). In the G treatment, the level of reducing sugar was the highest, significantly surpassing that of both the B and W treatments (p < 0.05). Conversely, the B treatment exhibited the highest levels of total soluble sugar and sucrose, which was noticeably higher than both the G and W treatments (p < 0.05). The W treatment recorded the highest level of amylum, significantly exceeding that of both the B and G treatments (p < 0.05).
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Figure 5: Effects of different light qualities on the levels of reducing sugar, total soluble sugar, amylum, and sucrose in the leaves of P. trinervis. Different-colored columns represent different treatments. The data are shown as means ± standard deviation, with different letters (a, b, c) above the bars denoting statistically significant differences between treatments as determined by Duncan’s new multiple-range test at p < 0.05

3.6 Chlorophyll Fluorescence Parameters

There were no notable variations in Chl fluorescence parameters (F0, Fv, qp, Fv/Fm, and ΦPSII) under B, G, and W light-quality treatments (Fig. 6). The W treatment exhibited the highest Fm value, slightly surpassing the G treatment and notably exceeding the B treatment (p < 0.05). Conversely, the highest NPQ standard was recorded under G, slightly surpassing the B treatment and significantly exceeding the W treatment (p < 0.05).
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Figure 6: Effects of different light qualities on the levels of the chlorophyll fluorescence of P. trinervis. leaves. Minimal fluorescence of dark-adapted state (F0); maximal fluorescence of dark-adapted state (Fm); variable fluorescence (Fv); nonphotochemical quenching (NPQ); photochemical quenching coefficient (qp); maximum quantum yield of PSII photochemistry (Fv/Fm); quantum efficiency of PSII (ΦPSII). Different-colored columns represent different treatments. The data are shown as means ± standard deviation, with different letters (a, b) above the bars denoting statistically significant differences between treatments as determined by Duncan’s new multiple-range test at p < 0.05

4  Discussion

Light is a crucial element for the growth of plants photosynthesis, it has a crucial impact on plant morphogenesis and material synthesis [35–37]. A close relationship has been found between photosynthesis and biosynthesis and the accumulation of photosynthetic products [38,39]. Adaptation of leaf photosynthesis to irradiance is influenced by B light for higher plants. B light affects plant growth in several ways [40–42]. In addition, B light photoreceptors mediate the photomorphogenesis response [43,44]. Therefore, reasonable light conditions are essential to optimize the accumulation of phytochemicals.

Pigments such as chlorophyll, carotenoids found in chloroplasts absorb, convert, and transfer light energy, affect photosynthetic response and the stomatal opening, and regulate plant morphogenesis. The quality of light can influence plant photosynthesis by altering the content and composition of chlorophyll. Kai et al. observed that strawberry cultivated under various colored plastic films showed variations in their growth, the order of treatment was as follows, according to the Chl content from highest to lowest: RF > white film > YF > green film > BF [45]. However, research conducted by Kobayashi demonstrated that exposing lettuce leaves to B light led to a higher chlorophyll content in comparison to leaves exposed to R light [46]. A similar finding was reported at Toona sinensis seeding [47]. We found that P. trinervis plants had lower levels of Chl a, Chl b, and total Chl under W light in comparison to B and G light. The results are consistent with those obtained on peas, grapes, and cotton, in which exposure to light B resulted in a rise in the chlorophyll levels of the plants [39,48,49]. Another study revealed that B light still affected Chl biosynthesis in the absence of any other lights [50]. Research on phalaenopsis also revealed that B light is beneficial for the accumulation of Chlorophyll [51]. Based on our results, B light appeared to motivate the accumulation of Chl and Car in P. trinervis.

Different plant species exhibit varying responses to different qualities of light, B light typically has a more pronounced impact on growth. In this study, the observations revealed a notable growth. in the absolute growth volume of P. trinervis seedling height and leaf length under B light. Heo et al. found that Marigold and Salvia plants had a greater height when exposed to B light compared to plants grown under W light [52]. Moreover, as a result of B light, leaf length grew significantly faster than under W light. According to Macedo and Leal-Costa, when B light was utilized, the light treatments caused Alternanthera brasiliana (L.) Kuntze produced the largest leaf area [53] and Nafiseh found the same phenomenon in Arabidopsis thaliana [54]. Our results proved that P. trinervis seedlings’ height was also significantly affected by light quality in terms of their morphological and photosynthetic features. Compared with W light, the height of plants growing under G light increased significantly. Ke et al. found that using G light resulted in a higher leaf length/width ratio, producing longer and narrower leaves compared to using W light [55]. Furthermore, we noted the following G light promoted the lengthening of leaves in P. trinervis plants. Similarly, the absolute growth of seedling height, stem diameter, leaf length, and petiole length under G light was the greatest, which was contrary to the report of Su that G light had a counteractive effect on plant growth [56]. The results on the impacts of monochromatic wavelength lights, as presented in this study, align with those previously reported by Wang et al. for cucumber plants, and by Yu et al. for Acacia mangium seedlings [56,57].

Our results indicated that Tr increased under G and B light in comparison to the W light, which was in agreement with the PN and gs. Yang observed a decrease in PN under the B light of tobacco [58]. This precisely aligns with the absorption spectra of photosynthetic pigments, Chl absorbs light in the 400–500 nm wavelength range. However, Yu et al. found that the PN level under G light was the lowest [59], contrary to our findings, which may be due to the great diversity among species. Therefore, under the same light intensity, the PN of the plant will be different under different light qualities.

Carbohydrates can regulate plant photosynthesis, growth, and development through a feedback mechanism. Our research showed that the accumulation of total sugar and sucrose content was noteworthily influenced by B light. A significant accumulation of reducing sugars and total sugars was induced by the G light. While amylum showed the highest content under W light. It was in agreement with Wang et al.’s findings [58], that the total soluble sugar content of cucumber reductions was significant in the plants under G. Therefore, our study suggests that B and G light facilitate the biosynthesis and accumulation of soluble sugars. The Calvin cycle enzymes may be more acute under B light due to a higher rate of activity. Ke et al. also discovered that plants exposed to B light exhibited increased Rubisco carboxylase activity and higher expression of genes related to the Calvin cycle enzymes [55,58].

Through regulating the ratio of PSI and PSII, plants can acclimatize to different light environments [59]. Different monochromatic light reduced the Fm of P. trinervis leaves, but increased the NPQ compared to W light. This corresponds to the change in PN of P. trinervis under different light qualities. This may be because plants that grow under B light conditions maintain a higher PN to avoid damage to photosynthetic organs since B light is more energetic. Besides losing more energy by dissipating heat from the PSII reaction centers, plants grown under G light conditions also exhibit lower photosynthetic capacity [60]. Past research has demonstrated a correlation between F0 and Chl content [61]. This study revealed that the various colors of light did not have a notable impact on the F0 of P. trinervis, this suggests that different monochromatic lights do not significantly damage the reaction center of P. trinervis PSII compared to W light. The Fm of plants cultivated in various monochromatic light conditions. was inferior to plants grown on W light. This suggests that populus grown under W light conditions exhibited a greater degree of the Redox Potential of the Primary Plastoquinone Electron Acceptor QA in Photosystem II status than under B and G light conditions. Fv/Fm remained in a stable area when populus were grown in favorable environments, but it decreased when plants were grown in unfavorable environments [62]. No significant difference was observed between Fv/Fm under different monochromatic light and W light. This may be the result of the fact that monochromatic light is not detrimental to the growth of P. trinervis. ΦPSII is usually associated with photosynthetic efficiency and electron transfer efficiency [63], The findings indicated that plants exposed to various monochromatic lights did not exhibit significant differences from those under W light, which is in line with the change in qp.

5  Conclusions

The findings indicated that various types of lighting had a significant impact on the growth and maturation of P. trinervis. Compared with the W light, Chl and Car accumulation and absolute plant growth of P. trinervis were significantly increased under B and G light. The effect of photosynthetic pigment accumulation was more obvious under B light. However, the absolute growth parameters such as seedling height and ground diameter were more obvious under G light. This study demonstrated that both B and G lights had noteworthy impacts. on the photosynthesis of P. trinervis. Light qualities also had an obvious effect on the accumulation of sugar content. B light mainly encouraged the accumulation of total soluble sugar and sucrose content, the accumulation effect of reducing sugar and total soluble sugar was more obvious under G light. Moreover, the influence of light characteristics on Chl fluorescence parameters of P. trinervis was primarily demonstrated by the rise in NPQ and the decline in Fm. Having insight into how spectral quality influences fundamental poplar growth parameters is crucial for comprehending both the natural and controlled development of plants.
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Table 1: The transpiration rate (Tr), net photosynthetic rate (Py), intercellular CO, concentration (C;),
stomatal conductance (g,), and water use efficiency (WUE) in the P. trinervis leaves under different light-
quality treatment. Significant differences indicated by different letters (a, b, ¢) within each column are
based on ANOVA (Analysis of Variance) findings with a significance level of p < 0.05

Tr (mol'm *s™') Py (umol'm *s ') C; (umol'mol™) g, (mol'm *s ') WUE (umol/mmol)
B 3756 £0.156 b 14203 £0.089a 260.130+1.790b 0.187+£0.002b 3.812+0.126 a
G 5288+£0.195a 12325+0.516ab 309.222 £0.318a 0.271 £0.009 a 2.401 £0.084 ¢
W 3724 £0.070b 10.696 £0.799b 277478 £ 11.685b 0.164 £0.002b 3.117+£0.207 b
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