Abstract


In order to understand how plants competition works, one must set up experiments with limited resources and see how and which plants are able to sustain themselves even with other plants competing for the same factors, such as space to grow, water uptake. Certain measures need to be controlled and observed. Such as plant height along with density and biomass. As we attempt to understand how plants compete, we must set up a scenario where the plants are competing in the same niche and when are they competing for certain nutrients with plants from other niches times. These results will help us understand what goes on in the sample population as we proceed to different timelines to access the culture progress within the competition.
Introduction


Organisms of different species that are placed in the same environment together have the same needs for survival and growth, once there is a limited supply of resources – nutrients, competition for these resources begins among the population of organisms. Competition is one of many interacting biotic and a biotic factors that affect community structure (Sahney, 2010). Given time to compete for these nutrients, the organisms that have certain traits which excels them in collecting nutrients better will be able to sustain them selves, the other organisms in the population on the other hand will become deprived of these nutrients and thus do not flourish and multiply in. Competition has two different types, one is interspecific competition, which is considered to be between two different species, and the other is intraspecific competition, which is within the same species (Begon, 2006). 

Interspecific competition depends on the plant density and is commonly observed in plant assemblages. Plants compete for nutrients, light water and oxygen, depending upon the environment and density (Begon, 2006).

There are two types of competition; the first type is interference competition where one species or individual directly competes against a second species or individual for a limited resource (Begon, 2006). The second type is exploitative competition where species are able to acquire the limited resource, but neither to their full potential (Begon, 2006).

Law of constant yield indicates that the whole plant population grows until it reaches the carrying capacity of the plot of land where the plants are growing. Yoda’s law holds the true independent of the plant species (Begon, 2006).

In the lab, the purpose is to examine intraspecific competition in population of spanich (Spinacia vulgaris) pots and interspecific competition in population of ciliates. We will also learn if there is any relationship between plant density and weight Subsequently, we are also going to determine if the plant growth follows the law of constant yield and yoda’s law.

 Method

In the first part of the lab, spinach (Spinacia vulgaris) plants are to be examined. Spinach was planted at different densities in pots of the same size containing standard potting mix (soil). The plants were watered everyday. Three pots with spinach seedlings with different densities were obtained. The side length was measured and recorded. The number of plants in each pot were also counted and recorded. In addition, the appearances of the plants were examined for example; stem width of the plant, stem length and shape of the leaves.


To harvest the plants in each pot, a single-edge razor blade was used to clave each plant from the very bottom to minimize harvesting differences. For each plant, the height from the cut end to the tip was measured using a ruler. Subsequently, the mean height per plant was found by dividing the sum of height of the plants by the number of plants in that pot.


The weight of the above ground portion of all the plants in the pot was also determined (total biomass) by weighing all the plants in one pot using the Denver Instrument MXX-212 balance. The balance had to be zero before use. The total weight for all the plants in a pot was divided by the number of plants in that pot to obtain the mean plant weight. 

For the second part of this lab, single-species and mixed-specie cultures of Paramecium caudatum and Paramecium bursaria were prepared. Cultures were initiated 0,5,10 and 20 days from the beginning of the experiment. Both species feed primarily on bacteria and yeast cells that live off dead organic matter in the culture medium. For the mixed-specie cultures, equal number of both species was added to the culture flask to minimize any outliers of data.


The prepared slides of each species were examined before beginning the count using Olympus CX31 microscope. The paramecium species were stained. Two slides were removed from the alcohol jar and were allowed to dry. One drop of culture solution was placed on the left and right side separately. Before withdrawing the sample, the culture was thoroughly mixed by pipetting up and down several times. The lone cultures were counted first to be familiar with the appearance of each species before counting the mixed cultures. As the paramecium move too quickly and it would be hard to count, two drops of protoslo were added to slow the species in order to obtain accurate counts. A coverslip is applied and the number of organisms was counted under the microscope using sequential scanning, starting at one edge of the coverslip and proceeding to the opposite edge of the coverslip from top to bottom.


Afterwards, the coverslips were to be discarded into the glass disposal bin and the slide was rinsed with tap water. The sampling procedure was to be repeated until both lone cultures and mixed cultures were counted. Two scientific drawings were prepared; one for Paramecium Caudatum and one for Paramecium Bursaria. 

Results
For the first part, spinach plants were examined and its characteristics were recorded for all three pots as shown in table 1 below. Also for the spinach plants the mean height was found by measuring the height for every plant and dividing it by the number of plants as shown in table 2. The total weight was found by using the Denver instrument MXX-212 balance as shown in table 2. As for the mean weight, it was found by dividing the total weight by number of plants as shown in table 2. Also, the minimum area necessary for a spinach plant to grow without inhibition from others was calculated in the calculation section below. For table 3, the mean of the P.Caudatum lone, P.Bursaria lone, P.Caudatum mixed and P.Bursaria mixed of the class data was calculated and recorded over the period of growth. 

Figure 1 represents the mean height of the plants against low mean density and high mean density with standard error. As for figure 2, it represents the mean weight of the spinach against low and high mean density with standard error.

Figure 3 represents the correlation between the total weight of the plants and the density. The r-value was found to be 0.15. Figure 4 represents the correlation between the mean weight of the plants with the density, the r-value was found to be 0.96.

For the second part of the lab, the total number of organisms was found for both lone and mixed cultures(shown in calculations). Figure 7 represents the total number of organisms over the period of growth for the lone cultures. While figure 8 shows the total number of organisms against period of growth for the mixed cultures.

Table 1 Characteristics of spinach plants from the pot examined. 
	Plant feature
	Spinach (Spinacia vulgaris) pots

	
	Pot 1
	Pot 2
	Pot 3

	Density
	9(Low)
	24(Low)
	45(High)

	Stem length
	Longest
	Average
	Average

	Stem width
	Thickest
	Thin
	Thin

	Shape of leaves
	Wide, long
	Average size, length
	Short/ thin


Table 2 shows the mean height, total weight and mean weight for each three pots.

	Pot No.
	Mean height (cm)
	Total weight (g)
	Mean weight (g)

	1
	7.97 ± 0.319
	3.73  ± 0.159
	0.41 ± 0.02

	2
	3.77 ± 0.319
	2.96 ± 0.159
	0.12 ± 0.02

	3
	3.41  ± 0.319
	2.61 ± 0.159
	0.058 ± 0.02


Table 3 shows the mean number of species of the class over different period of growth.
	Species and culture
	Period of growth (days)

	
	0
	5
	10
	20

	P. Caudatum, (lone)
	5.14 
	8.57
	21.23
	39.86

	P. Bursaria (lone)
	1.14
	4
	11.29
	15.71

	P. Caudatum, (mixed)
	3.29
	6.17
	9.71
	16.71

	P. Bursaria, (mixed)
	3.43
	7
	15.43
	24


Figure 1 represents the high mean plant height vs. high density and low mean plant height vs. low density for the spinach (Spinacia vulgaris) pots with standard errors.
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Figure 2 shows the mean weight of the spinach plant vs. high and low mean density of the spinach with standard errors. [image: image2.png]Mean weight (g)
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Figure 3 represents the correlation between the total weight and the density of the spinach plant.
[image: image3.png]Total weight (g)

5.00

4.50

4.00

3.50

3.00

2.00

1.50

1.00

0.50

0.00

R?=0.0223

20

Density 40





Figure 4 represents the correlation of the mean weight and the density of the spinach plant.
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Figure 5 represents the total number of p.caudatum lone and p.bursaria lone over the period of growth.
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Figure 6 represents the total number of p.caudatum mixed and p.bursaria mixed over the period of growth.
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Calculations

The sample calculation for the minimum area necessary for a spinach plant to grow without inhibition from other plants.

Size of the pot=7.2cm 

Area of the pot = 7.5 x 7.5 



= 54.00 cm2
Number of plants = 12

Minimum area = 55/12



= 4.5cm2 /plant

The sample calculation of the total number of organisms.

P.Caudatum, lone at 0 days.

Number in sample = 6.5

Volume of environment = 100 mL

Volume of sample = 0.05mL x 2 (2 drops sampled)



      = 0.1mL

Total number of organisms = Number in sample x volume of environment





   Volume of sample

Total number of organisms = 6.5 x 100




0.1

Total number of organisms = 6500
P.Caudatum , lone at 5 days.

Number in sample = 18.5

Total number of organisms = 18.5 x 100




0.1

 Total number = 18500

P.Caudatum, lone at 10 days.

Number in sample = 53.5

Total number of organisms = 53.5 x 100




0.1

 Total number = 53500

P.Caudatum, lone at 20 days,

Number in sample = 25.5

Total number of organisms = 25.5 x 100




0.1

 Total number = 25500

P.Bursaria, lone at 0 days,

Number in sample = 0

Total number of organisms = 0 x 100


             

0.1

 Total number = 0

P.Bursaria, lone at 5 days,

Number in sample = 5

Total number of organisms = 5x 100




0.1

 Total number = 5000

P.Bursaria, lone at 10 days,

Number in sample = 8.5

Total number of organisms = 8.5 x 100




0.1

 Total number = 8500

P.Bursaria, lone at 20 days,

Number in sample = 10.5

Total number of organisms = 10.5 x 100




0.1

 Total number = 10500

P.Caudatum, mixed at 0 days.

Number in sample = 2

Total number of organisms = 2 x 100




0.1

 Total number = 2000

P.Caudatum, mixed at 5 days.

Number in sample = 6.5

Total number of organisms = 6.5 x 100




0.1

 Total number = 6500

P.Caudatum, mixed at 10 days.

Number in sample = 3.5

Total number of organisms = 3.5 x 100




0.1

 Total number = 3500

P.Caudatum, mixed at 20 days.

Number in sample = 5

Total number of organisms =5 x 100




0.1

 Total number = 5000

P.Bursaria, mixed at 0 days,

Number in sample = 1.5

Total number of organisms = 1.5 x 100




0.1

 Total number = 1500

P.Bursaria, mixed at 5 days,

Number in sample = 3.5

Total number of organisms = 3.5 x 100




0.1

 Total number = 3500

P.Bursaria, mixed at 10 days,

Number in sample = 3.5

Total number of organisms = 3.5 x 100




0.1

 Total number = 3500

P.Bursaria, mixed at 20 days,

Number in sample = 3.5

Total number of organisms = 3.5 x 100




0.1

 Total number = 3500
Discussion
We initially wanted to find if the plant density influences the plant height, the p value for the relationship is calculated as p=0.197 and n=12, thus under the (t-test), d.f =10, P was less than 0.05 and thus me must reject the alternative hypothesis and say that there is no significant relationship between the density and plant height. Another question we addressed was if there was any difference between plant density and weight, we found Pearson’s value to be P=0.164, with d.f = 10 the p value was less than 0.05 and thus we must conclude that these is no significant relationship between the plant’s biomass and density. 


The law of constant yield expresses the notion that at an initial stage, plant density and biomass increase proportionally until it reaches a certain point where the biomass remains the same as density increases (Rockwood, 2006). 


From the trend line in figure 3 we can see that the total weight of our plant specimens did not gradually increase as the density of the our plant increased, our correlation coefficient (r) was 0.15 thus showing a very weak relationship between the total weight and density. 


Yoda’s law is expressed as the logarithm of the weight of the plants with the logarithm of density of total plants that have survived, it is a self thinning process among plant seedlings to adapt to a high population environment. We have calculated the correlation coefficient (r)= 0.94. Thus having a strong relationship between the average Biomass and the density. As the density increases the average Biomass decreases proportionally. From table 2 we can see how the values of the biomass are low in the third pot with the highest density.


The spinach plants did not complete over Co2 or water, but needed to compete for space to grow along with the nutrients that were available. The plant set with the lowest density was used as a control group to compare with plant sets of higher density.


For Both species of Paramecium, there were no predators; plants were competing for food, water and space. In this scenario was have used the lone group as a control group. As you can see from Figure 5, P.Caudatum had thrived until it reached day 11, were the carrying capacity of the population had been reached. In the mixed population of P. Caudatum in figure 6, we can see that this carrying capacity was reached at a much faster rate in only 5 days. This shows that competition between these species exits and that they are adapting to the rate of nutrient intake accordingly.


Began illustrates the competitive exclusion principle by stating the following, if two different species coexist in a stable environment, then they do so as a result of differentiation of their realized niches. If, however there is no differentiation, then one competing species will eliminate or exclude the other (Begon, 2008). 


In this case the paramecium species have different realized niches but the same fundamental aspects and thus can coexist together. Although our spinach plants have the same fundamental aspects and same realized niches,  Therefore the intraspecific competition is more intense as these spinach plant have the same ability to utilize resources in the same method within the same environment.
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