DECEMBER 16, 2005
FINAL EXAM (120 PTS) – FOR 240 – TREE BIOLOGY

NAME____Key_____________________________

(20)
1.  DEFINITIONS

[1] cavitation – the creation of an air bubble in a xylem cell during high temperatures.  The water is pulled through the xylem so quickly that the water turns to a gas, forming a bubble that completely blocks off the cell, stopping water movement.  OR during periods of cold stress, water will freeze in a cell causing it to burst.  I prefer the 1st answer as it is the one we covered in class..
[2] saturation vapor pressure -  the maximum amount of water that the air can hold at a given temperature; it is a measurable quantity
[3] lignin – a very complex molecule created by plants for use in support, mostly in the “wood”.  It is very expensive to create and very difficult to decompose.
[4] evapotranspiration – the combination of evaporation from the surface (leaf, ground, water) and transpiration from within the leaf (through stomata and into the atmosphere).  It is the total loss of water from a site into the atmosphere
[5] orographic precipitation – precipitation caused by the forcing of an air mass up and over a mountain.  By forcing the air mass to rise, it will cool.  When it reaches the “lifting condensation level”, clouds will form, and precipitation will fall.
(10)
2.  How do the following different surfaces dissipate incoming solar energy:  a snowfield at Snowbowl, Flathead Lake, a parking lot in Missoula, and a pine forest on the Lolo National Forest?

Parking lot:  dark, absorbs lots of radiation, reradiates as sensible heat

Snowfield:  white, reflects a lot of radiation, some loss as latent heat (evaporation)

Flathead Lake:  dark, absorbs a lot of radiation, most lost as latent heat; some as 


sensible heat

pine forest:  absorbs about ½ of the incoming radiation, depending on water status, 


loses it as both sensible and latent heat.  A very small portion (<1%) will be used 


in photosynthesis

(10)
3.  What environmental factors control litter decomposition?  What role does decomposition play in tree nutrient availability?


Environmental factors:  soil type, temperature, water availability, microbial activity

Most forests depend on recycled nutrients.  Therefore, as organic matter decomposes, nutrients are released.  They are quickly used in the system for microbial biomass or are converted into plant available forms, which are quickly taken up and become part of the tree biomass.  Without decomposition, the nutrients are locked away, and trees have no access.  They can become nutrient-limited, even if there are enough nutrients in the system, simply because the nutrients are in an unavailable form.
(10)
4.  What is cold hardiness?  During which season of the year do our native trees have the greatest risk of damage from frost or freezing?  Are trees in Florida at any risk from cold?  Why or why not?
Cold hardiness is the ability of a plant to defend itself against cold temperatures by removing water to its roots, going into dormancy, creating “antifreeze” proteins, etc.

Native trees have the greatest risk in the spring as they are exiting dormancy and preparing for photosynthesis.  A late freeze could be devastating to both new buds and current plant tissue.
Trees in Florida are definitely at risk from cold, particularly in the winter.  These trees are not adapted to freezing temperatures (e.g., they don’t go into dormancy), and there is risk both to the trees themselves and to the fruit in terms of damage. (I used the example of orange trees in class.)
(10)
5.  List the highest to lowest priority for carbon allocation of photosynthate in trees on an annual basis. How might this priority change seasonally?


New leaves/buds



OR
(respiration)

Roots






structure

Storage





storage

Diameter growth; defense chemicals

defense

Spring: focus on leaves, fine roots

Early- to Mid-Summer: focus on secondary growth, defense, etc.

Late Summer: focus on fine roots


Late Summer to Early Fall: focus on storage in coarse roots
(10)
6.  How does girdling kill a tree?  Will girdling always result in tree death?  Why or why not?
Girdling kills a tree by removing both phloem and xylem from a portion of the stem, completely encircling the stem.  In this way, photosynthate cannot be transferred from the leaves to the roots (so the roots starve), and water cannot transfer from the roots to the leaves (so photosynthesis stops).  Once phloem and xylem are completely severed, they cannot be replaced.

A girdled tree can survive if the phloem and xylem is not completely severed.  In this way, water can continue to travel to the top of the tree and photosynthesis can continue.  At least some photosynthate can travel to the roots for their survival.  If the plant suffers no major stresses during this time, it may survive.  Also, if a portion of the xylem remains intact and the roots are grafted to another tree, it is possible that the roots may get their photosynthate from an undamaged neighbor, while leaving enough water for the canopy to survive.  Then, the tree can create additional water pathways near the intact xylem to continue water transport. 


They may also use the example of a “living stump”.
(10)
7.  You are camping with some of your friends in the Bob Marshall Wilderness and find a stream at the bottom of a hill.  Where should you set up your tent to maximize warmth?  Why?  In the morning, you smell bacon.  Which direction should you head to eat breakfast?  Why?  What impact does your answer have on revegetation success on hillslopes?
On the hillside.  The top of the hill will have colder temperatures because of elevational differences and the greater exposure.  Cold air drainage means that the cold air will settle in valley bottoms, leaving them colder than the hillside as a result.  

Uphill - Cold air drainage is the physical movement of air downhill, and therefore, it will carry the smell of bacon into your campsite just as a wind would.


Plants will revegetate fastest in the warmest areas, so the hillsides will have the greatest growth.  Valley bottoms, while they have the most water will be very cold because of the cold air drainage.  Trees at the tops of the hill will grow slowly because they have both water and temperature issues.
(10)
8.  Briefly describe five (5) physiological and morphological strategies that a tree might use to AVOID water stress.  (Hint:  Do NOT tell me how water stress affects the tree!)

Close stomata

Increase cuticle

Stomata are on the bottom of the leaf

Growth of extensive fine roots, root hairs

Xylem control – tracheids vs. vessels; early vs. latewood


Thicker bark


Creation of mycorrhizal relationships


C3 vs. C4 vs. CAM

(10) 9.  Why are southwest slopes difficult to reforest in western Montana even though the sites originally supported a forest?
The climate has become much warmer since the sites were originally forested.  Southwest slopes receive direct sunlight in the afternoon during the summer, which means that they have hotter temperatures and the vapor pressure deficit is higher (e.g., drier).  The soil dries out earlier in the summer, and seedlings face very harsh conditions that they are unable to survive.  If a forest were already in place, it would provide protection to the seedlings, enabling their survival, which is what occurred when the sites were still forested. 

In addition, in the winter, the snow on the southwest-facing slopes melts more quickly, and as a result, there is less water in the soil to begin with.  Plants on north-facing slopes, have less direct sunlight and slightly lower VPD’s in summer.  Also, the snowpack is deeper, leaving more water in the soil.  While the difference in water and sunlight may be slight, it is just enough to allow seedlings to survive on northern slopes.
(10)
10.  You are a forester, and you want to revegetate a clear-cut in Montana with ponderosa pine.  You find a great deal on P. pine seedlings from Arizona.  Should you buy them?  Why or why not?

NO!!  These trees are not adapted to local conditions.  While the genetics may be the same, the environment is different, resulting in different phenologies.  Trees in Arizona are used to warmer temperatures, more direct sunlight, and longer growing seasons.  They would not be able to survive a Montana winter because they would not enter dormancy soon enough, and they would not harden deeply enough.
(10) 11.  In Montana, our winter precipitation is turning from snow to rain as a result of climate change.  What might be the consequences for native ecosystems?

Native ecosystems are snow-adapted systems.  This means that they are used to getting lots of snow in the winter when they are dormant and little to no rain during the summer.  The snow insulates the soil during the winter, protecting the roots and microbial biomass, and melts slowly throughout most of the summer, providing the water necessary for tree growth and decomposition (nutrient recycling).  If the snow changes to rain and there is no increase in summertime precipitation, then there is little or no storage of water in the ecosystem.  There is no insulation of the soil to prevent soil temperatures from falling.  Because trees are dormant in the winter, the water will run off, leaving the trees water-stressed for most of their growing season.  This will lead to dramatically decreased growth and reproduction.  In addition, the area will be very dry for much of the summer, leading to increased fire danger.  Also, as the trees are stressed, they will allocate much less carbon to defense chemicals, leaving them vulnerable to pathogens and insects.
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