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Effect of Plant Density on Ryegrass Plants
Introduction
[bookmark: _GoBack]	The two types of competition between plants are intraspecific competition and interspecific competition. Intraspecific competition is competition for resources between individuals of the same species. Interspecific competition is competition for resources between individuals of different species. Intense competition occurs among seedlings and small plants in establishing swards (Snaydon, 1978; Bazzaz, Levin & Schmierbach 1982). A sward is an expanse of short grass. According to Charles Darwin, competition should be most intense between closely related species that occupy the same habitat. For example, a previous study found that when plants compete, larger individuals obtain a disproportionate share of the resources and suppress the growth of their neighbors, called size-asymmetric competition (Schwinning, S., & Weiner, J. 1998). In addition, an important aspect of competition is the Competitive Exclusion Principle. The Competitive Exclusion Principle says that two species with identical niches cannot co-exist indefinitely; one species will eventually outcompete the other. A niche is all factors necessary for a species to exist. In conclusion, competition is an important factor in determining how long a species can survive with other species and in a specific niche.
	For this experiment, the effects of increasing the number of annual ryegrass (Lolium multiflorum) in a single pot were observed. The hypothesis was that when ryegrass is grown at higher densities, there would be more intraspecific competition than at lower densities. The expected result is that when there are more ryegrass plants growing in a smaller area, there will be more intraspecific competition and less growth. This prediction was made because of a previous study’s results. The previous study found that with increasing competition, the production of the individual plants in each unit is reduced in proportion to the number of plants in the unit (Fejer, 1959).
Materials and Methods
	Specifically, for this experiment, the first set of three pots was planted with one ryegrass plant each. This set was the control group. A second set of three pots was planted with three ryegrass plants each. A third set of three pots was planted with nine ryegrass plants each. A final set of three pots was planted with twelve ryegrass plants each. The experiment was run over two weeks in a laboratory setting and was watered every week with 40 mL of DI water. After the growing period, the plants were harvested and the weight of the above ground biomass and shoot growth were measured. To quantify the amount of biomass observed, a one-way ANOVA test can be used to determine if there is a dependent variable of interest. A one-way ANOVA test is a technique used to compare means of three or more samples using the F distribution. It is important to note that the one-way ANOVA is a technique that can only be used for numerical data. The one-way ANOVA is best for this experiment because there are three groups other than the control. 
Results
	The three plants per pot had the highest average above ground biomass and the highest average shoot height (Fig 1 and 2). The one-way ANOVA gave a p-value of 0.02567 for the aboveground biomass (Fig 1) and a p-value of 0.0291 for the above ground shoot length (Fig 2). This means that the annual ryegrass suffered from more intraspecific competition at higher plant densities. In addition, post-hoc values were calculated for both sets of statistics to determine between which treatments the statistical significance occurred. First, there were two significant post-hoc values found between the above ground biomass weights. The significant post-hoc values were found between the X3 and X9 setup (0.019) and the X3 and X12 setup (0.023). Second, there were three significant post-hoc values found between the average shoot heights. The significant post-hoc values were found between the X3 and X9 setup (0.002), X3 and X12 setup (0.042), and the X9 and X12 setup (0.001). Also, an outlier occurred in the X9 setup because one of the plants died so the results that were calculated were based off of 26 plants instead of 27 plants. The death of this plant may have been due it being planted incorrectly from the start or it may have been caused from the plants competing.
Discussion
	The affect of density on intraspecific competition between annual ryegrass was tested in this experiment. There have been two previous studies that have similar conclusions to this study. First, an experiment done with annual ryegrass came to the conclusion that biomass varies more between ryegrass than among other plants (Hooper, 1998). These results are consistent with our results. Our experiment showed that when there was a higher density of annual ryegrass, there was more competition. The X9 and X12 set –ups had similar averages to the control group (X1) and smaller averages for biomass and shoot height compared to the X3 set up. Second, another series of experiments examined the influence of density on biomass and came to the conclusion that there is intraspecific competition among annual pasture plants (Donald, 1951).
	Specifically, for this experiment the X9 and X12 set-ups had similar averages to the control for both, average above ground biomass and average shoot height. In addition, all of the set-ups had plants with yellow tips, which indicates that the plants were lacking nitrogen. The results from the statistical significance from the average above ground biomass and the average shoot length allows the null hypothesis to be rejected. Therefore, the hypothesis that if annual ryegrass is grown in a high density environment then it will result in more severe intraspecific competition, resulting in lower average biomass, can be accepted.
	For a future experiment, the same procedure and experimental factors would be the same except that the plants would be grown in nitrogen-deficient soil. Another study found that nitrogen was the factor in two of the experiments performed (Donald, 1951). It would be interesting to see how the average biomass and shoot height would be affected because the environment is lacking the main resource being competed for. Furthermore, the same study found that the second factor being competed for between the plants was light (Donald, 1951).  Therefore, another study could have the plants grow in an environment lacking large amounts of light. The dependent variables of this experiment would be the average above ground biomass, average shoot length, and an additional variable would be the amount of plants that survived.
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Figures

Fig. 1: Graph of the average of above ground biomass from the four different density set-ups. As can be seen, the three plants per pot had the highest average above ground biomass, in terms of weight. Upon statistical analysis, there was a significant difference found between the four conditions. (F= 5.360, P= 0.02567)

Fig 2: Graph of the average of the shoot height taken from the four different density set-ups. As can be seen, the three plants per pot had the most growth, in terms of height. Upon statistical analysis, there was a statistical significance found between the four set-ups. (F= 5.102, P= 0.0291)
Average Shoot Height from Each Ryegrass Density Treatment
1 plant per pot	30.41381265	30.41381265	140.0	3 plants per pot	23.50531855	23.50531855	174.3333333	9 plants per pot	44.31900096	44.31900096	120.5769231	12 plants per pot	29.33196696	29.33196696	152.25	Height (mm)
Average Above Ground Biomass from Each Ryegrass Density Treatment
1 plant per pot	0.01251492442	0.01251492442	0.05913333333	3 plants per pot	0.01061712453	0.01061712453	0.07846666667	9 plants per pot	0.004063249931	0.004063249931	0.0534	12 plants per pot	0.00130511813	0.00130511813	0.05633333333	Weight (g)
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