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Abstract
Photosynthesis is crucial for the generation of organic molecules, which act as energy sources. Its occurrence and efficient depends on a variety of factors. The purpose of this experiment was to investigate the effect of light on the rate of photosynthesis as well as establish how the varying light qualities affect photosynthesis. The hypotheses were that placing plants in light and dark conditions would demonstrate different photosynthesis rates and varying the quality of light would also affect the rate of photosynthesis. Leaf disks cut from spinach were used by placing them in sodium bicarbonate solution with the number of floating leaf disks indicating the rate of photosynthesis. Findings indicated that photosynthesis is higher in light treatment than in dark treatment. The rate was also higher in blue light than in standard (white) light. This findings showcases light as a core factor in process of photosynthesis.
Introduction
Photosynthesis is the primary process for converting inorganic energy sources into organic forms that can be used by plants and animals. Plants facilitate this process by utilizing their enzymatic pathways to convert carbon dioxide and water into glucose. In doing this, they make use of light to split water to get hydrogen that is used in fixing carbon (IV) oxide and give oxygen as the byproduct. Therefore, light is an essential raw material in the process of photosynthesis. This explains why plants are unable to photosynthesis in darkness. However, plants need a particular quality and quantity of light for them to photosynthesize efficiently. 
There is a consensus that the light quality necessary for efficient photosynthesis is in the range of blue and red light. In an experiment where Betula Pendula was cultured under different light qualities, Sæbø, Krekling, & Appelgren (1995) found that the rate of photosynthesis was highest when the plantlets were cultured in blue light and lowest when cultured in red light. Besides, chlorophyll concentration was highest when the plants were exposed to blue light and lowest in red light. This emphasized the significance of light quality in photosynthesis. The light energy is used to generate NADPH and ATP, which are used to assemble carbon atoms to form organic molecules. Photons of light from the blue wavelength range are collected oy chlorophyll-carotenoid complexes and then taken to the photosystem reaction center. If lighting is too weak or in the inappropriate quality, photosynthesis would barely take place and etiolation systems would appear on the leaves (Darko et al., 2014). The purpose of this experiment was to establish the effect of light and environmental factors such as light quality on the rate of photosynthesis. There were two hypotheses used in the experiment. The first one was that the rate of photosynthesis would be higher in plants exposed to light treatment than those exposed to dark treatment. The second hypothesis was that plants exposed to blue light quality would have higher rates of photosynthesis than those exposed to other light qualities such as green and red wavelengths.
Material and methods
The materials used in the experiment include, hole puncher, fresh spinach leaves, 0.2% sodium bicarbonate (NaHCO3), 60 cc syringe, 1000 mL beakers, petri dishes, forceps, and light filter colors including blue, green, and red. There was experiment one and experiment two. In experiment one where the effect of light on photosynthesis was tested, the rate of photosynthesis was measured by assessing the behavior of the spinach leaf disks in the dark (dark treatment) or exposed to light (light treatment) while immersed in a NaHCO3 solution. Leaf disks that had the gas removed from the air sacs of their leaf tissues sunk in the solution.  In experiment two, various light filters were used before measuring the rate of photosynthesis. Results of part one were used as a control for part 2.
In experiment one, 40 disks of leaf material were punched from fresh spinach leaves while avoiding the veins and midrib.  These disks were directed into the 60 cc syringe with its plunger removed. The plunger was then replaced to its resting position while ensuring there is no air in the syringe. With the tip of the syringe placed in a watch glass containing 0.2% NaHCO3, the plunger was pulled back to draw 20 mL of the solution into the syringe. All air was removed from the leaf disks by covering the tip of the syringe with the thumb and pulling down the plunger to create a vacuum for 10 seconds while shaking the syringe to dislodge air bubbles from the leaf disks. The vacuum was then released by allowing the plunger to get back to its original position and removing the thumb. The leaf disks sunk to the bottom of the syringe. 
The leaf disks were then placed into blackened petri dishes containing fresh 0.2% NaHCO3 solution. Any that floated was gently pushed down with forceps. 15 of the leaf disks were transferred to clear topped (light treatment) petri dishes. Both the blackened and clear petri dishes were placed under a lamp and the 1000 mL beaker with 800 mL of water placed on top of each petri dish to act as the heat shield. The time was checked and recorded as zero and then subsequent recordings of the photosynthesis rate were done at intervals of 5 minutes upto 30 minutes. The data was recorded in table 1. 
In experiment two, the same procedure as that in part one was done but in this case blue, green, and red light filters were placed between the petri dishes and the light source. Data of the rate of photosynthesis was recorded in table 2.
Results
As seen in the data recorded in table 1, the leaf disks placed in clear petri dishes, i.e., those exposed to light underwent a linear increase in the rate of photosynthesis. From 0 to 30 minutes, the number of floating disks in the light treatment increased exponentially until 25 minutes when the number remained the same. For the leaf disks in the blackened petri dishes, photosynthesis remained relatively low with only one leaf disk having floated at the end of the 30 minutes. Change in the number of floating leaf disks in both treatment is illustrated visually in figure 1.
Table 1: Experiment 1 Data ( Effect of Light on Photosynthesis Rate
	Time (min.)
	Light # of Disks Floating
	Dark # Number of Disks Floating 

	0
	3
	0

	5
	6
	0

	10
	12
	0

	15
	16
	1

	20
	19
	1

	25
	20
	1

	30
	20
	1




Figure 1: Effect of Light on the Rate of Photosynthesis
In experiment 2, the effect of blue light on photosynthesis was compared to the results of the white light used in experiment 1. As seen in table 2, using blue light indicated a higher rate of photosynthesis. At zero minutes, the number of floating leaf disks was four in blue light treatment and three in the control. The difference continued to be significant in five minutes where it was nine leaf disks in blue light treatment and six in white light treatment. However, the difference leveled out at 10 minutes where the rate photosynthesis in the blue light treatment and control remained equal. This comparison is depicted visually in figure 2.
Table 2: Experiment II Data (Effect of Light Quality on the Rate of Photosynthesis
	Time (min.)
	# of Disks Floating (Light Quality)
	# of Disks Floating (Control)

	0
	4
	3

	5
	9
	6

	10
	12
	12

	15
	16
	16

	20
	19
	19

	25
	20
	20

	30
	20
	20




Figure 2: Comparison of the difference in the rate of photosynthesis in the various light qualities with white light from experiment 1 being used as the control
Discussion
Based on the results as recorded in table 1, photosynthesis proceeds at a higher rate in light treatment than in dark treatment. For leaf disks exposed to light, the rate of photosynthesis increased exponentially as shown by the exponential increase in the number of floating leaf disks as time passed. However, the rate of photosynthesis on the dark treatment remained stagnant as shown in figure 1 where it remained flat and close to zero. These results support the hypothesis would be higher in light treatment than in dark treatment. Therefore, light is needed for photosynthesis to happen.
[bookmark: _GoBack]Light is needed for photosynthesis because it is the primary source of energy to fix carbon molecules into organic compounds. The leaf disks floated because photosynthesis releases oxygen as a byproduct which increases their buoyancy thus moving on top of the solution. Apart from acting as the solution for the leaf disks to float, sodium bicarbonate was a source of carbon (IV) oxide for photosynthesis to proceed. These findings allude to a previous study that highlighted the importance of light in photosynthesis; it emerged that low light exposure inhibit photosynthesis and causes the plant to revert to respiration (Hu et al., 2011).
In experiment two, the rate of photosynthesis proceeded rapidly in blue light than in the control setup as seen in figure 1. This supports the hypothesis that the quality of light has a significant impact on the rate of photosynthesis. Therefore, light quality is a significant environmental factor that affect the rate of photosynthesis. These findings align to results of past studies that indicated that the color of light was a significant determinant of photosynthesis rate. It emerged that plants use only certain light wavelengths. While chlorophyll absorbs blue, red, and red light, photosynthesis is most efficient in blue light followed by red light and least in green light (Dou, H., Niu, Gu, & Masabni, 2017). Therefore, it is imperative to consider the color of light that plants are exposed to for maximum photosynthetic capability.
Conclusion
It can be concluded that light is a significant factor in the process of photosynthesis. Its quality in terms color is also significant with plants doing well in blue light. There were limitations in the experimental design as leaves floating since photosynthesis was being measured directly. The floating of the leaf disks could not be entirely attributed to photosynthesis; they could have absorbed excess water from the solution and become buoyant. Future experiments can be improved to measure the rate of photosynthesis directly by assessing the actual products of the process such as glucose rather than its byproducts.
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Number of Floating Leaf Disks in Light and Dark Treatments

# of Disks Floating (Light)	0	5	10	15	20	25	30	3	6	12	16	19	20	20	# of Disks Floating (Dark)	0	5	10	15	20	25	30	0	0	0	0.5	0.5	1	1	Time (min.)


NUmber of Floating Disks




Effect of Light Quality on Photosynthesis Rate

# of Disks Floating (Light quality)	0	5	10	15	20	25	30	4	9	12	16	19	20	20	# of Disks Floating (control)	0	5	10	15	20	25	30	3	6	11	16	18	20	20	Time (min.)
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