

  horticulturae-08-00178




horticulturae-08-00178







Horticulturae 2022, 8(2), 178; doi:10.3390/horticulturae8020178




Article



Effects of Light Intensity and Temperature on the Photosynthesis Characteristics and Yield of Lettuce



Jing Zhou 1, Pingping Li 2 and Jizhang Wang 1,*[image: Orcid]





1



Key Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education, Jiangsu University, Zhenjiang 212013, China






2



College of Biology and Environment, Nanjing Forestry University, Nanjing 210037, China









*



Correspondence: whxh@ujs.edu.cn







Academic Editor: Angelo Signore



Received: 13 January 2022 / Accepted: 20 February 2022 / Published: 21 February 2022



Abstract

:

Lettuce is an important vegetable in horticulture, but information about the interactive effects of light and temperature on its photosynthetic characteristics was inadequate. This work investigated the effects of three temperatures (15/10 (T15), 23/18 (T23), and 30/23 °C (T30)) and five light treatments (100 (P100), 200 (P200), 350 (P350), 500 (P500), and 600 μmol·m−2·s−1 (P600)) on the light–response curves, chlorophyll content, and yield of lettuce. The results showed that the maximum photosynthetic rate, light saturation point, chlorophyll content, and yield of lettuce were all the highest at T23 compared with T15 and T30 under different light intensities. Under the same temperature conditions, the photosynthesis capacity and yield of lettuce in the P350 and P500 treatments at T15, P350, P500, and P600 treatments at T23 and P500, and P600 treatments at T30 were larger than other light treatments. The results suggested that temperature play had a more pronounced influence on photosynthesis and yield in lettuce, but the appropriate levels of light intensity improved its potential photosynthetic capacity and yield under different temperature conditions.
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1. Introduction


Photosynthesis provides energy and organic matter for growth and development, and determines the yield of the crop. Light and temperature are the main factors affecting crop photosynthesis process. They effect the activities of photosynthetic carbon assimilation enzymes, the photoactive opening of stomata, the metabolites accumulation, and pigment composition of cells [1,2,3,4,5,6]. High and low values of temperatures and light intensity usually exert adverse effects on plant photosynthesis, resulting in a considerably reduction of plant yield [2,4,7,8,9,10,11]. In addition, light and temperature do not independently affect the photosynthesis and growth property of crops, but have a complementary and mutually exciting relationship [6,12].



Lettuce is the main cultivated leafy vegetable in greenhouses and plant factory, and often used as a model crop to study plant response to the controlled environment [13,14,15,16]. This plant has many desirable properties for cultivation in a controlled environment, such as its short growth cycle, low energy demands, and a high and stable yield [17,18]. In lettuce, the effect of light intensity or temperature on lettuce photosynthetic characteristics and growth has been discussed widely [19,20,21,22,23,24]. However, the interaction of light and temperature have been rarely concerned. In the earlier studies, Knight et al. described the influence of light intensity (444 and 889 μmol·m−2 s−1) and temperature (25 and 20 °C) on the productivity of two cultivars of leaf lettuce. Leaf dry mass of both cultivars was highest under the high light intensity/warm temperature regime and lowest under the low light intensity/cool temperature regime [25]. Galieni et al. evaluated the impact of low light on lettuce growth and physiology in two different growing seasons. In contrast, the lettuce treated with low light in the low-temperature growing season had a lower relative growth rate and a higher leaf area, while in the high-temperature growing season, the stomatal conductance was reduced more by the low-light treatment [26]. Some researchers have found that simultaneous increases of light intensity and temperature within feasible range could facilitate lettuce’s growth and nutritional values largely [27]. These studies indicate that light intensity and temperature co-regulated the lettuce’s growth and development, and their reasonable combination increases better for lettuce growth. However, these studies are insufficient to establish lettuce growth models to optimize the light and temperature environment in the greenhouse.



The ligh—response curves describe the relationship between photosynthetic rate and photosynthetic photon flux density (PPFD) as analytical tools, which is widely used for the physiological characterization of gas exchange at the leaf level. They may represent useful criteria for controlling the environment and are required tools for simulation models designed to predict potential plant behavior in response to environmental conditions [28,29,30,31]. Hence, the objectives of this research were to compare the parameters of the light–response curves at different growth periods of lettuce under the interaction of light intensity and temperature and to understand the mechanism of the effects of light intensity and temperature on photosynthesis during lettuce growth. These results would provide theoretical background for the combinational regulation of light intensity and temperature to improve production of lettuce cultivated in greenhouse and plant factories.




2. Materials and Methods


2.1. Plant Materials and Growth Conditions


Experiments were conducted in an artificial climatic chamber in Jiangsu University in China. The climate chamber had two cultivation shelves, each comprising three layers. Artificial light sources were installed at the top of each layer. Red–blue light-emitting diode (LED) arrays (DR/W120; Philips Lighting Inc., Maarheeze, The Netherlands) and fluorescent lamps (T5-28; Nonghui Biotechnology Co., Ltd., Shanghai, China) were used as light sources. Both types of light sources exhibited energy aggregation areas at approximately 440 and 650 nm. Romaine lettuce (L. sativa L.) was selected as the experimental plant. Uniformized seedlings of romaine lettuce at 3-leaf stage were transplanted into individual plastic pot (15.5 cm [d] × 13 cm [h]) filled with vinegar residue, peat, and vermiculite at a ratio of 2:1:1 (v:v:v). One seedling was planted in each pot.



Experiments were arranged in three batches as follows: Experiment 1: 30/25 °C (26 September 2015 to 25 October 2015); Experiment 2: 23/18 °C (10 April 2016 to 09 May 2016); and Experiment 3: 15/10 °C (05 December 2016 to 05 January 2017). Each experimental set comprised five light intensity levels of 100, 200, 350, 500, and 600 μmol·m−2·s−1, which were achieved by combining varying numbers of LED and fluorescent lamps on each layer of the cultivation shelves. The treatments P100, P200, P350, P500, and P600 represent 100, 200, 350, 500, and 600 μmol·m−2·s−1, respectively. The treatments T15, T23, and T30 represent 15/10, 23/18, and 30/25 °C (light/dark), respectively. Each level of light treatment housed 28 samples with the planting space 20 × 20 cm.




2.2. Light–Response Curves Measurements


Light–response curves were developed using a LI-6400XT portable photosynthesis system (Li-Cor Inc., Lincoln, Nebraska, USA) with a red–blue LED light source (6400-02B) at weeks 2, 3, 4, and 5 after transplantation. Three plants were used per treatment, and the sixth fully expanded leaves were selected for measurements. To avoid the effect of environmental fluctuations on gas-exchange measurements, all measurements were taken in another artificial climatic chamber with a PPFD at the leaf surface of 600 μmol·m−2·s−1, relative humidity of 60–70% and temperature consistent with the actual processing temperature. The chlorophyll content of the leaf was measured via the SPAD value before measuring the light–response curve, which was determined using a SPAD-502 portable chlorophyll meter (KONICA MINOLTA, Osaka, Japan). Light–response curves were measured using the PPFD of 1200, 1100, 1000, 800, 600, 500, 350, 200, 120, 50, and 0 μmol·m−2·s−1 at T15 and T23; 1000, 800, 600, 500, 400, 300, 200, 150, 50, 20, and 0 μmol·m−2·s−1 at T30 between 08:30 and 16:30 h. The flow rate was 500 μmol·s−1 and the ambient CO2 concentration was adjusted to 400 μmol·s−1 inside the Li-Cor leaf chamber. The light–response curves were fitted by a modified rectangular hyperbolic model [32]:


   P N   = α    1 − β · PPFD    1 + γ  · PPFD   PPFD −  R D   



(1)




where PN is the net photosynthetic rate, α is the initial slope of the light–response curve or apparent quantum efficiency (AQY), β and γ are coefficients independent of the PPFD (dimensionless), and RD is the dark respiration rate. The light-saturated net photosynthetic rate (PNmax), light saturation point (LSP), and light compensation point (LCP) were given by the following formulae:


   P  Nmax    = α (       β + γ    −  β   γ   ) 2  −  R D   



(2)






   LSP =       ( β + γ ) / β    − 1  γ   



(3)






   LCP =    α −  γ β  −        ( γ R   D  −  α )   2  −    4 α β R   D       2 α β     



(4)








2.3. Yield Measurements


At the end of each experiment, lettuce plants were harvested and the fresh weights of the above-ground parts under different temperature and light intensity treatments were determined using an electronic analytical balance with an accuracy of 0.1 mg.




2.4. Statistical Analysis


Results were expressed as the mean ± SD of three replicates in each of three individuals. Data were analyzed using two-way analysis of variance (ANOVA) using SPSS 20 software. Multiple comparisons between treatment means were conducted using the least significant difference (LSD) test. All the model parameters were evaluated with a nonlinear regression using OriginPro 8 software. Graphs and tables were constructed using Microsoft Excel 2017.





3. Results


3.1. Light–Response Curves


Light–response curves were well fitted by the modified rectangular hyperbolic model as indicated by a correlation coefficient R2, which were more than 0.993 and they showed synchronous changes under different light treatments with the same temperature for all four treatment times (Figure 1). In the range of 0–200 μmol·m−2·s−1, there was no significant difference in the PN among the five light intensity treatments. Above 200 μmol·m−2·s−1, different degrees of separation of the curves of PN in all treatments occur. Two-way ANOVA revealed that AQY, PNmax, RD, LSP, and LCP were closely related to light, temperature, and the two interactions at all determined times (Table 1).




3.2. Light–Response Curves Parameters


3.2.1. Apparent Quantum Efficiency (AQY)


Under all light treatments, the values at T15 were significantly lower than those at T23 and T30 at all determined times (Figure 2A–C). Within a given temperature, there were significant differences in AQY among all light treatments. At T15, AQY in the P350 and P500 treatments were higher than those of other light intensity treatments within 4 weeks after transplanting, but AQY in the P100 treatment exceeded them at week 5. The lowest AQY was obtained at P600 at all determined times (Figure 2A). At T23, the AQY in the P350, P500, and P600 treatments maintained high levels during the treatment period (Figure 2B). At T30, AQY in the P350, P500, and P600 treatments were greater than those in the P100 and P200 treatments within week 3, while AQY in the P100 and P200 treatment exceeded them at weeks 4 and 5 (Figure 2C).




3.2.2. Maximum Photosynthetic Rate (PNmax)


For any given light intensity, PNmax at T23 were highest followed those at T30 and T15 at all determined times (Figure 2D–F). Under all the three temperature conditions, PNmax was the lowest in the P100 treatment and the second lowest in the P200 treatment at every measurement time. At T15, PNmax in the P350 and P500 treatments increased first and then decreased with time, reaching the maximum at week 4, while the PNmax in the P100, P200, and P600 treatments increased gradually with time. PNmax in the P350 and P500 treatments were significantly higher than those in other light treatments during the treatment period (Figure 2D). At T23, the PNmax values in all light treatments increased first and then decreased with time, of which in the P350, P500, and P600 treatments reached the maximum at week 3, and others reached the maximum at week 4. PNmax in the P350 treatment was significantly greater than those in the P500 and P600 treatments at weeks 2 and 3, while no significant differences were observed among those in the P350, P500, and P600 at weeks 4 and 5 (Figure 2E). At T30, the PNmax values in the P500 and P600 treatments showed a decreasing trend with time, while those in the P350 treatment increased first and then decreased with time, reaching the maximum at week 3, and those in P100 and P200 showed an increasing trend with time. PNmax in the P500 treatment was highest, followed by that in the P600 treatment within 4 weeks of transplanting, while there were no significant differences among those in the P350, P500, and P600 at week 5 (Figure 2F).




3.2.3. Dark Respiration Rate (RD)


As with PNmax, RD at T23 were highest followed those at T30 and T15 in all light intensity treatments at all determined times (Figure 2G–I). At T15, RD in the P350 and P500 treatments maintained high levels during the treatment period, while the lowest RD values appeared in the P100 treatment at weeks 2 and 3, and in the P600 treatment at week 4 and 5 (Figure 2G). At T23, the RD values in the P350 treatment were significantly greater than those in other treatments within 4 weeks of transplanting, followed by those in the P500 treatment, and there were no significant differences among those in the P350, P500, and P600 treatment at week 5 (Figure 2H). At T30, the highest RD values were obtained in the P500 and P600 treatments at all determined times (Figure 2I). At T23 and T30, the lowest and second lowest RD values all occurred under P100 and P200.




3.2.4. Light-Saturation Point (LSP)


In all light-treated plants, the LSP values at T30 were lower than those at T15 and T23 at all determined times (Figure 3A–C). At T15, the lowest LSP values during the treatment period occurred under P100. Despite the apparent fluctuations over time, the LSP values under P200, P350, P500, and P600 maintained high levels (Figure 3A). At T23, LSP increased in a light intensity-dependent manner at weeks 2 and 3, while it increased firstly and then decreased with increasing of light intensity at weeks 4 and 5. The highest value was observed in lettuce plants that were grown under P350, and there was no significant difference in LSP among other light intensities at week 5 (Figure 3B). At T30, there were no significant differences in LSP among the P200, P350, P500, and P600 treatments at week 2, but after that, LSP in the P350 was significantly higher than those in other light treatment (Figure 3C).




3.2.5. Light-Compensation Point (LCP)


For any given light intensity, LCP at T23 were highest followed those at T30 and T15 at all determined times (Figure 3D–F). At T15, the lowest LCP values occurred under P100 at all determined times. There were no significant differences in LCP among the P350, P500, and P600 treatment at weeks 2 and 3, but LCP in the P500 and P600 decreased significantly over time, which were significantly lower than that in P350 and P200 treatment at week 5 (Figure 3D). LCP in the P350 and P500 treatments maintained high levels at T23 (Figure 3E). At T30, the highest LCP values were obtained in the P500 and P600 treatments at all determined times (Figure 3F). At T23 and T30, the lowest and second lowest LCP values all occurred under P100 and P200, respectively.





3.3. Chlorophyll Content (SPAD)


SPAD was significantly (p < 0.05) affected by temperature, light intensity and their interaction at the four determined times (Figure 1). Under all light treatments, the lowest SPAD values occurred at T30 (Figure 4A–C). Under all temperature regimes, the lowest SPAD was observed in the P100 treatment. At T15, the SPAD values in the P350 and P500 treatments were significantly higher than P200 and P600 from week 3 to week 5. At T23, the SPAD values in the P350 and P500 treatment were significantly higher than P200 and P600 at weeks 2 and 3, and there were no significant differences among the P200, P350, P500, and P600. At T30, lettuce in the P500 and P600 treatments had a higher and significantly different SPAD compared with the P350 and P200 treatment during the treatment time.




3.4. Yield


As shown in Figure 5, there were significant differences among the yield of lettuce grown under light and temperature treatment groups. The yield was highest at T23 followed by T30 and T15 under all light treatments. Under all temperature regimes, the lowest and the second lowest yield occurred under P100 and P200, respectively. At T15, the yield at P350 was the highest, followed by P500. Compared with P600, the yield at P350 and P500 exhibited an enhancement of 35.28% and 24.20%, respectively. At T23, the yields were highest at P500 and P600, and they were slightly higher than those at P350. The yields at P350 and P500 were 9.66% and 5.99%, respectively, compared with P600. At T30, the yield increased with the increase of light intensity, and there were significant differences in yield among all the light intensities. The yield at P600 and P500 increased by 27.02% and 11.49%, respectively, compared with P350.





4. Discussion


The current study showed that temperature, light, and their interaction had significant effect on the photosynthesis process, chlorophyll content, and yield of lettuce. Among the three temperature levels in all light conditions, the lettuce grown at T23 had higher PNmax and LSP that characterized a strong photosynthetic capacity and adaptability to higher light intensity conditions. Previous studies have confirmed that photosynthesis is a heat-sensitive process and it has been shown that photosystem II is the most heat-sensitive component of the photosynthetic machinery [33]. Lettuce grown at T23 apparently exhibited a higher ratio of opened photosystem II and higher photochemical efficiency, which contributed to better maintenance of photosynthesis rate than plants under T15 and T23, resulting in a higher yield. Plants no longer accumulate organic matter when the light intensity is lower than the LCP. The RD value reflects the plant’s consumption of photosynthetic products. Both the LCP and RD were enhanced by the T23 treatment compared to the T15 and T30 treatments, indicating that a great photosynthetic capacity was accompanied by the increase of the consumption of photosynthetic products, resulting in a wasteful use of resources [34]. AQY is an estimate of a plant utilization capacity for the low light intensity. In our study, the T15 treatment increased AQY and decreased RD of lettuce in all the light conditions, suggesting that lettuce plants in the low temperature maintained the balance of materials and energy metabolism by the enhancement of low light intensity utilization capacity and the relatively efficient use of resources [35,36]. Leaf chlorophyll content strongly affect leaf photosynthetic capability and yield of plants. The leaf SPAD value has been used as a useful indicator of leaf chlorophyll content [37,38]. The mean SPAD values ranged from <10 to >30, indicating significant variation in chlorophyll content, due to the temperature and light intensity treatments. Compared to T15 and T23, the lowest SPAD values of lettuce cultured at T30 demonstrated a significant reduction in leaf chlorophyll content of lettuce, due to the high temperature treatment. It is in support of pioneer studies which reported reduction in chlorophyll content due to high temperature stress in various crop species [39,40]. The decline in chlorophyll content as indicated by SPAD may be a result of indirect effects on photosynthetic capacity of the leaf, which reduced the yield at T30. In addition, the T30 treatment reduced the adaptability of lettuce to higher light intensity conditions as characterized by the lowest LSP.



The light intensity played an important role on the photosynthetic performance of the lettuce grown at different temperature conditions. Low light intensity may reduce the activity of carbon photosynthetic assimilation enzymes and limit the assimilation of plant carbon, thereby reducing effective quantum yield of photosystem II photochemistry [7,8]. Therefore, plants growing under low light intensity usually show low photosynthetic efficiency and biomass [7,19,41]. This pattern was observed in this study, as lettuce grown in the P100 and P200 treatment had the lower PNmax, LSP and yield compared other light intensity treatments under all the temperature conditions during the determined time. In addition, lettuce grown in the P100 and P200 treatments had the relatively lower LCP and RD that may indicate a survival mechanism based on resource conservation by reducing the respiratory carbon loss. That was consistent with the findings in spinach and wheat exposure to low light intensity [42]. At T15, the lettuce grown in the P350 and P500 treatments had a higher photosynthesis capacity and a wider light-adaptability of photosynthetic apparatus as characterized by the higher AQY, PNmax, LSP, and SPAD, and the strongest photosynthesis capacity was obtained at week 4. Under the low temperature condition, the photosystem’s activation of lettuce, in the P350 and P500 treatments, could be improved to generate sufficient ATP and NADPH to be used for CO2 fixation in the biochemical processes, leading to higher photochemical efficiency [43]. Compared with P350 and P500, the lettuce in the P600 treatment had the lower AQY, PNmax, SPAD, and yield during the determined time. This finding showed that high light with low temperature caused a decrease of chlorophyll content and photosynthesis efficiency. The light intensity of P600 may exceed the optional light intensity range required by lettuce plants, and plants grown under high light intensities could not use all the energy absorbed by their photosynthetic apparatus. This excessive absorption of energy reduced the efficiency of photosystem II, cause photoinhibition of photosynthesis. At T23, the AQY and PNmax values revealed that the lettuce grown in the P350, P500, and P600 treatments had higher low light-harvesting efficiency and photosynthesis capacity during the treatment period, and the strongest photosynthesis capacity was obtained at week 3. The high light intensity utility of lettuce leaves increased with light intensity at weeks 2 and 3 as reflected by LSP. However, from week 4 to week 5, the LSP value in the P600 treatment decreased and significantly lower than that in the P350 and P500 treatments, implying that the lettuce in the P600 treatment did not adapt to high light conditions in later growth stages. It suggested that the stronger light intensity was necessary for optimum growth of lettuce, but the light intensity did not have to be too strong in later growth stages, for example, stronger than 500 μmol·m−2·s−1 under cultivation temperature of 23 °C conditions. The lettuce in the P500 treatment shared similar levels of LSP, PNmax, and SPAD with that in the P350 treatment, but exhibited remarkably lower levels of LCP and RD. All these findings may be the reasons that the yield in the P500 was significantly higher than that in the P350 and P600 at T23. At T30, the P500 and P600 treatments promoted the accumulation of chlorophyll content and improved the potential photosynthesis capacity in lettuce plants as reflected as higher SPAD and PNmax, which can be attributed to better CO2 fixation and carbon assimilation. Although the LSP, RD, and LCP values showed that the high light utility decreased with time, accompanied by higher consumption of photosynthetic products, the yields in the P500 and P600 were significantly higher than other intensity treatments. The reason for the high consumption of photosynthetic products maybe that a high photosynthesis capacity requires large amounts of photosynthetic enzymes that incur large maintenance costs. Additionally, the PNmax of lettuce grown in the P500 and P600 decreased greatly from week 4 to week 5, which decreased by 24.03% and 23.03%, respectively, indicating that under high temperature, lettuce growth in high light intensity was difficult to maintain the potential photosynthesis capacity at high temperature in later growth stages. In later growth stages, the lettuce grown in the P350 treatment showed more flexibility to maintain their photosynthesis capacity under high temperature, because the PNmax and LSP were higher and LCP and RD were lower. It suggested that in later growth stages, the light intensity should be moderate to adapt to the high temperature environment for lettuce, for example, 350 μmol·m−2·s−1 under cultivation temperature of 30 °C conditions.




5. Conclusions


In conclusion, temperature played a more important role in lettuce photosynthesis and growth than light intensity, and the cultivation temperature should be paid attention first, and then the light intensity in the actual production of lettuce. Besides, close interactions between light and temperature play important roles in the growth and development of lettuce. The feasible light range for lettuce’s photosynthesis and yield is different under different temperature. Light intensity of 350–500 μmol·m−2·s−1 is recommended at low temperatures (15 °C). Light intensity of 350–600 μmol·m−2·s−1 is recommended at medium temperatures (23 °C). The range of 500 to 600 μmol·m−2·s−1 is a recommendable light intensity for lettuce grown at high temperatures (30 °C). In addition, in the late growth stage, the light intensity should be appropriately reduced for the lettuce grown under medium and high temperature conditions. The current study indicates that a reasonable combination of both light intensity and temperature could be used to obtain optimal lettuce photosynthesis performance and yield in greenhouse and plant factory. However, the photosynthetic capacity of leaves at different position of plant varies greatly during their development, and the photosynthetic rate of juvenile and adult leaves are significantly different. Hence, in order to formulate the more precise environmental control strategy, further studies are required to investigate the interaction of light intensity and temperature on the leaves of different leaf age and position.
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Figure 1. The light–response curves at different light intensity and temperature treatments at week 2 (A–C), 3 (D–F), 4 (G–I), and 5 (J–L) after transplanting. PN—net photosynthetic rate. Left side (A,D,G,J), middle (B,E,H,K), and right side (C,F,I,L) represented T15, T23, and T30, respectively. Mean values with standard error of mean (n = 3). 
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Figure 2. Apparent quantum efficiency (AQY) (A–C), maximum photosynthetic rate (PNmax) (D–F), dark respiration rate (RD) (G–I) under different temperature and light conditions. Mean values with standard error of mean (n = 3). Left side (A,D,G), middle (B,E,H), and right side (C,F,I) represented T15, T23, and T30, respectively. Letters indicate significant differences at p < 0.05 according to the LSD test. 
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Figure 3. Light-saturation point (LSP) (A–C) and light-compensation point (LCP) (D–F) under different temperature and light conditions. Mean values with standard error of mean (n = 3). Left side (A,D), middle (B,E), and right side (C,F) represented T15, T23, and T30, respectively. Letters indicate significant differences at p < 0.05 according to the LSD test. 
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Figure 4. Chlorophyll content (SPAD) under different temperature and light conditions. Mean values with standard error of mean (n = 3). (A–C) represented T15, T23, and T30, respectively. Letters indicate significant differences at p < 0.05 according to the LSD test. 
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Figure 5. Fresh weight of above-ground part of per plant of lettuce under different temperature and light treatments. Mean values with standard error of mean (n = 3). Letters indicate significant differences at p < 0.05 according to the LSD test. 
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Table 1. The analysis of variance for the effects of light, temperature, and their interactions on apparent quantum efficiency (AQY), light-saturated net photosynthetic rate (PNmax), dark respiration rate (RD), light saturation point (LSP), light compensation point (LCP) and chlorophyll content (SPAD) in lettuce. *—significant at p < 0.05; **—significant at p < 0.01; df—degree of freedom.
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	Effect
	Week
	df
	AQY
	PNmax
	RD
	LSP
	LCP
	SPAD





	Light
	2
	4
	**
	**
	**
	**
	**
	**



	
	3
	4
	**
	**
	**
	**
	**
	**



	
	4
	4
	**
	**
	**
	**
	**
	**



	
	5
	4
	**
	**
	**
	**
	**
	**



	Temperature
	2
	2
	**
	**
	**
	**
	**
	**



	
	3
	2
	**
	**
	**
	**
	**
	**



	
	4
	2
	**
	**
	**
	**
	**
	**



	
	5
	2
	**
	**
	**
	**
	**
	**



	Light × Temperature
	2
	8
	**
	**
	**
	**
	**
	**



	
	3
	8
	**
	**
	**
	**
	*
	**



	
	4
	8
	**
	**
	**
	**
	**
	**



	
	5
	8
	**
	**
	**
	**
	**
	**
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