Experiment Using a Completely Randomized Design, Two Factors

Exercise 6
In a second study, the impacts of thinning (tree removal) and fertilization on growth of red pine trees in Ontario are of interest. The three levels for the first factor, thinning, are: No removal (control), thinning (light – few trees are removed), heavy (many trees are removed).  For the second factor, fertilization, there are two levels, from 1 (no fertilizer) to 2(fertilizer).  In total, there are six treatments.  Again, a plantation of 30 ha is selected, where trees are evenly spaced, with similar dbh’s (diameter outside bark, measured at 1.3 m above ground) and are currently 15 years old.  Twelve areas are established in the plantation, each 1 ha in size (experimental unit).  Each 1 ha area is then randomly assigned a treatment, resulting in two experimental units having each treatment.  After 5 years, a number of 0.02 ha plots are established, systematically, over the each 1 ha area.  The dbh’s of all live trees are measured in each plot, and entered into an excel file. The average diameters are calculated for each 1 ha experimental unit resulting in the following values (crd_two_factors.txt):

	Exp_unit
	Thinning
	FertLevel
	AveDbh

	2
	none
	1
	6.7

	4
	none
	1
	7.2

	8
	none
	2
	7.5

	3
	none
	2
	8.2

	12
	light
	1
	8.4

	1
	light
	1
	8.9

	5
	light
	2
	9.6

	9
	light
	2
	9.6

	11
	heavy
	1
	10.6

	6
	heavy
	1
	11.4

	7
	heavy
	2
	12.7

	10
	heavy
	2
	13.5


The researchers would like to know if there are differences in the mean of the AveDbh with different treatments.  
1. Two analyses were run (crd_two_factors.R.  The first used AveDbh as the y- variable, and the second analysis used the logarithm of AveDbh instead.  Which of these should be interpreted (NOTE:  meets assumptions of equal variance and normality of residuals)?
2. Based on the analysis that met the assumptions, is there an interaction between the two factors? Use alpha=0.05.
THEN:

3. If there is an interaction, which treatments differ? (Use pairs of means t-tests at the treatment level, and remember to use the Bonfereonni correction.
OR:

3. If there is no interaction, does thinning change the diameter? In what way (higher or lower average diameter across thinning levels? (Use the pairs of means t-test for thinning levels – remember to use the Bonferonni correction).
4. If there is no interaction, does fertilizer change the average diameter? In what way? (Use the pairs of means t-test for fertilization levels – remember to use the Bonferonni correction).

Discussion:

Was the transformation of AveDbh needed?

Was there an interaction?  If yes, which treatments differed?  

If there was no interaction, is there a difference in mean of AveDbh between thinning levels?  

If there was no interaction, is there a difference in mean of AveDbh between fertilization levels?
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