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The Effect of Sugar and Salt on the Rate of Photosynthesis in Elodea Plants

Introduction
	The use of light to convert carbon dioxide and water into glucose and oxygen, photosynthesis, is a topic that is crucial to all aspects of life on Earth.  The chemical formula for photosynthesis is 6CO2 + 6H2O + sunlight  C6H12O6 + 6O2.  This means that in order for photosynthesis to occur, six molecules of carbon dioxide and six molecules of water must combine with sunlight to create one molecule of glucose and six molecules of oxygen.
	Photosynthesis occurs in the chloroplast of all plant cells.  The chloroplast is the organelle in plant cells that produces the “food” for the plant cell.  It contains chlorophyll, which absorbs energy from the sunlight that is essential for the process of photosynthesis.
	Photosynthesis produces the plant “food” which essentially gives the plant the energy it needs to function and grow.  The rate of photosynthesis is directly correlated with plant growth.  Because of this, different types of plants conduct different types of photosynthesis to effectively utilize carbon dioxide.  According to Ming Zheng of the Salem Press Encyclopedia of Science, the three main types of plants are called carbon 3 plants, carbon 4 plants, and CAM plants.  Carbon 3 plants are found in areas with mild climates.  Carbon 4 plants are found in areas with high daytime temperatures and lengthy periods of time without rainfall, and CAM plants are found in desert-like climates with minimal rainfall, high daytime temperatures, and direct sunlight.  Each type of plant processes carbon dioxide in the most efficient way in order to conserve its energy.
	Urban Kubasek wrote in the 2013 Scandinavian Plant Physiology Society journal, “Carbon 4 plants use fluctuating light less efficiently than do carbon 3 plants.”  This can explain why carbon 3 plants are found in areas with mild climates while carbon 4 plants are found in areas with high daytime temperatures and more direct sunlight.  Mild climates tend to have more of a fluctuating light pattern than do more extreme climates.
All types of species are adapted to thrive in their climates and habitats, and plants are no different.  The ultimate goal of any plant species is to grow and thrive in their environment.  These three types of plants use photosynthesis in different ways in order to make and conserve energy while still growing.  As previously stated, the rate of photosynthesis is directly correlated to the growth rate of a plant, so they must adapt in order to do so.

Methods
The rate of photosynthesis is affected by light intensity, carbon dioxide concentration, and temperature.  This lab assignment was intended to test other factors that could possibly influence the rate of photosynthesis in elodea plants.  Our lab group chose to attempt to answer the question, “Does adding salt or sugar to the water of an elodea plant affect the plant’s rate of photosynthesis?”  We hypothesized that if sugar is added to the water of an elodea plant, the rate of photosynthesis in the plant will increase.  To test this hypothesis, we conducted an experiment comparing the rates of photosynthesis of Elodea plants that were in salt-saturated tap water, sugar-saturated tap water, and plain tap water.  In order to reduce the chances of a variable confounding our data, we used tap water from the same source, the same type of elodea plants, and the same type of equipment for each trial.
We began this experiment by obtaining 4 grams of table salt, 4 grams of dextrose, and 3 elodea plants.  We placed the individual elodea plants into three vials labeled vial 1, vial 2, and vial 3 and added the salt to vial 1, the dextrose to vial 2, and nothing to vial 3.  Then, we added approximately 30mL of tap water to all three vials, inserted a stopper fitted with bent glass tubing into each vial, marked the meniscus point of each stopper, and placed all three vials under a bright, 60watt lamp for twenty minutes.  After twenty minutes, we took the vials out from under the lamp and marked the new meniscus points of the stoppers.  Dextrose is the most common naturally occurring form of glucose, which is one of the products of photosynthesis.  We predicted that meniscus point of vial 2 would increase rapidly and the meniscus point of vial 1 would decrease or remain static, while the meniscus point of vial 3, the control, would increase normally throughout the experiment.  We made these predictions on the basis that glucose is one of the products of photosynthesis, so it made sense that it would increase the rate of photosynthesis in our experiment.  Elodea plants are fresh-water plants, so we predicted that the salt in the water would dehydrate it and decrease the rate of photosynthesis or stop it altogether in vial 1.
To calculate the net photosynthesis of each elodea plant, we measured the distance in millimeters between the original meniscus points before the vials were placed under the lamp and the meniscus points after they had been under the lamp for twenty minutes.  We then divided each distance by 20 minutes to find the three rates of photosynthesis in millimeters per minute (mm/min).  Oxygen gas is a product of photosynthesis, so the higher the rate of photosynthesis in the plant, the more pressure put on the water and the faster the water levels rise in the stopper.

Results
	As we watched the vials during the twenty minutes they were under the lamp, we observed that the meniscus point of vial 1 decreased slightly from its starting point, while the meniscus point of vial 2 increased rapidly.  The meniscus point of vial 3, the control, increased at what seemed like a normal rate.  We observed that there was a substantial buildup of what we assumed to be oxygen gas in vial 2 as a result of the increased rate of photosynthesis caused by the addition of glucose.
	After measuring the distances between the starting and ending meniscus points of each vial and dividing each difference by 20 minutes, we concluded that the rate of photosynthesis in vial 1 was -0.10 mm/min.  The rate of photosynthesis in vial 2 was .55 mm/min and the rate of photosynthesis in vial 3 was .25 mm/min.  Our results supported our prediction that vial 2 would have the fastest rate of photosynthesis, vial 3 would have the second fastest rate of photosynthesis, and vial 1 would have the slowest rate of photosynthesis.  This experiment supported our hypothesis that if sugar is added to the water of an elodea plant, the rate of photosynthesis of that plant will increase.   


Discussion
	Climate change, or the change in global or regional climate patterns, is a very popular topic to debate in the scientific community.  Global warming, a subset of climate change, is something that has become more prevalent in science.  Global warming is the gradual increase in the overall temperature of the earth’s atmosphere.  It is caused by the “greenhouse effect,” or the increased absorption of heat in the atmosphere because of the high levels of gases like carbon dioxide and chlorofluorocarbons.  This topic has to do with photosynthesis because one of the three main factors that affects the rate of photosynthesis in plants is the temperature of the climate a plant is in.
	In a Chinese study done in 2013, scientists Junyi Liang, Jianyang Xia, Lingli Liu, Shiqiang Wan tested the effect that experimental warming had on photosynthesis and respiration patterns of terrestrial plants.  The results of the experiment were not surprising.  Both photosynthesis and respiration were affected positively by the experimental warming of their climates.  However, according to Zheng Ming in the Salem Press Encyclopedia of Science, the increased rates of photosynthesis and respiration are not permanent.  All living things strive towards homeostasis.  Increased rates of photosynthesis are temporary, and would soon decrease.  This is relevant to the topic of global warming.  The increased levels of carbon dioxide in the earth’s atmosphere and climbing global temperatures will likely increase the rates of photosynthesis and respiration in plants around the world.  After a long period of time, process known as down regulation will soon bring photosynthesis and respiration rates down to sustainable levels.  Carbon 3 plants are particularly susceptible to the effects of global warming.  Carbon 3 plants are more reactive to rising temperatures and carbon dioxide levels, so their rates of photosynthesis and carbon absorption increase before other plants’.  However, photosynthesis requires water, and plants require more of it as they undergo more photosynthesis.  If carbon 3 plants conduct rapid photosynthesis over a long period of time, they can dehydrate and die.  On a large scale, this could be detrimental to carbon 3 plants.  The effects on carbon 4 plants would likely be less extreme.  Because they have already adapted to high temperatures, CAM plants would be negatively influenced as well.
	Climate change is an important topic of discussion among scientists, due to its potential negative effects on the earth’s biomes.  Because of this, researchers and scientists are continuing to look into ways carbon dioxide outputs can be reduced and rising temperatures can be slowed.

Observation Table
	Trial
	Starting meniscus point
	Final meniscus point
	Difference
	Rate of photosynthesis

	Vial 1- NaCl
	17 mm
	15 mm
	2 mm
	-0.10 mm/min

	Vial 2- Dextrose
	34 mm
	45 mm
	11 mm
	0.55 mm/min

	Vial 3- Control
	35 mm
	40 mm
	5 mm
	.25 mm/min
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