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Answer all the questions.  
The numbers in square brackets indicate the marks allocated to each question (and the sub-sections of each question).
Wherever possible, explain your answers rather than giving only short responses.
1. [18 marks]

[8]
(a)
Starting from the basic monomer of which cellulose is composed and ending with the polymer as it is found in the cell wall please describe the various levels of structure found in cellulose.  Your answer should include descriptions of the different levels of organization and their most important characteristics or structural features.
[10]
(b)
Cellulose is one of three components of an important structural feature found in wood cell walls.

(i)
Briefly describe the other two important cell wall polymers.

(ii)
Draw a labelled diagram that represents the smallest structure that incorporates all three cell wall polymers.  Briefly describe the most important aspects of the structure.

2. [17 marks]

[6]
(a)
Please describe the most important characteristics of the different layers and sub-layers of the cell wall of a softwood longitudinal tracheid.  A labelled diagram can be used as part of your answer to illustrate your response but do not rely upon only a diagram or a table to answer this question.

[6]
(b)
What are the roles that each of the sub-layers of the secondary cell wall are believed to play in the functioning of the longitudinal tracheid in a living tree and how is the structure of each sub-layer well suited for its particular role?

[5]
(c)
Provide one example of a macroscopic property of wood or a phenomenon that can be explained  by the ultrastructure of the cell wall and another example that can be explained by the distribution of chemicals within the cell wall.  Your answers should include an explanation.
3.
[18 marks]

[4]
(a)
In terms of the processes of the formation of wood in a softwood tree, why is juvenile wood different from mature wood?
[4]
(b)
Describe the most important differences in terms of each of the macroscopic anatomy, the microscopic anatomy, the ultrastructure and the wood chemistry between juvenile wood and mature wood that is found within one softwood tree.
[5]
(c)
As far as the utilization of solid wood for industrial purposes is concerned there are two particularly important differences between the wood properties of juvenile wood and those of mature wood in Douglas-fir.  What are those property differences, what gives rise to them and why do you consider these two differences to be the most important ones?

[5]
(d)
Draw the cross-section of a stand-grown Douglas-fir tree that would be found at breast height when the tree is 75 years old, to illustrate the location of the heartwood/sapwood boundary and the location of the juvenile wood/mature wood boundary.  Explain the differences between their locations and their permanence.
4.
[15 marks]

[5]
(a)
Where is reaction wood found (i) in hardwood trees and (ii) in softwood trees, for what purpose do trees produce reaction wood and what is the fundamental difference between the action of the reaction wood formed in each type of tree?

[4]
(b)
For the reaction wood that is found in softwood trees or that which is found in hardwood trees please describe the two most important differences in terms of each of the macroscopic anatomy, the microscopic anatomy, the ultrastructure and the wood chemistry between reaction wood and "normal" wood that could be found in the same trees?  [You should indicate a total of eight (8) features]
[6]
(c)
How do these differences described above manifest themselves as differences in two of the properties of this reaction wood compared to “normal” wood found in that type of tree?  Do not just list the property differences but explain why the differences in part (b) of this question cause these property differences.
5.
[15 marks]
Discuss the suitability of the following wood raw material sources for the one end use specified (e.g., How well suited is (a) rapidly grown ring porous hardwood for use as tool handles and why?).
	
	Raw material
	Use

	(a)
	Rapidly grown ring porous hardwood
	Tool handles

	(b)
	20-year old, stand-grown Douglas-fir trees
	Structural lumber

	(c)
	Teak sapwood
	Exterior garden furniture

	(d)
	Slowly grown abrupt transition softwood 
	Edge-grain (vertical grain) sliced veneer

	(e)
	Hemlock wood with the ring pattern illustrated below.
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	Kiln-dried window frame stock

	(f)
	Douglas-fir compression wood
	Ladder rungs


6.
[17 marks]

Consider a stand of Douglas-fir trees that was planted at a relatively high stocking density (the trees were closely spaced at 2000 stems per hectare).  The stand of trees is now 20 years old and a decision has to be made whether (i) to leave the stand to grow as it is or (ii) to thin the stand by removing approximately 30% of the trees in the stand.
[9]
(a)
Consider the trees that will result on the stand after another 40 years of growth for each of the two scenarios.  Describe (with appropriate diagrams) the size and form of the trees and the relative values for the wood densities found at breast height.



Be as detailed as you can regarding your descriptions rather than just saying that one is denser than the other.  Provide explanations for the differences observed.

[8]
(b)
Pruning is often performed at the same time as thinning (or shortly after).
Please explain three different advantages relating to the form or nature of the wood subsequently produced by the tree that arise as a result of pruning.
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