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Tree Anatomy
Leaves

Function -
Photosynthesis
Transpiration

Structure
Chloroplasts
Cuticle
Stomata
Guard Cells
Abscission zone

Presenter
Presentation Notes
Leaves have two main functions.  The first and foremost function is photosynthesis.  Through photosynthesis leaves become the food producers of the tree. Photosynthesis takes place inside the leave inside cells called chloroplasts. The second role of leaves is transpiration. Transpiration is the loss of water through the foliage in the form of water vapor. The structure of leaves is uniquely adapted to carry out the roles of photosynthesis and transpiration. The outer surface of the leaf is covered by a waxy layer called the cuticle. The cuticle functions to minimize desiccation of the leaf. Stomata, small openings in the leaf surface, control the loss of water vapor and the exchange of gases. Guard cells regulate the opening and closing of the stomata in response to environmental stimuli such as light, temperature and humidity. Deciduous trees generally lose their leaves in the fall. Leaf drop is caused by cell changes and growth regulators that combine to form an abscission zone at the base of the leaf stalk or petiole. The abscission zone has two functions: 1) To enable leaf drop in the fall, 2) to protect the region of the stem from which the leaf has fallen against desiccation, insect or disease damage.



Tree Physiology
Photosynthesis

Process by which green plants 
use light energy to build sugar 
molecules.

Takes place within cells that 
contain chloroplasts
Produces photosynthate 
(sugars or carbohydrates)
Protein, starch, fat, vitamins, 
amino acids, and others are 
produced from photosynthate 
when combined with N, P , K, 
Ca, and Fe.
Much of the photosynthate is 
stored by tree in from of sugar 
or starch for later use

Presenter
Presentation Notes
The first of three physiological process in trees is photosynthesis. Photosynthesis is the process by which green plants use light energy to build sugar molecules. Literally, photosynthesis means “putting together with light”. Photosynthesis takes place within cells that contain chloroplasts. Chloroplasts contain molecules of the light absorbing pigment, chlorophyll. The raw materials necessary for photosynthesis are carbon dioxide and water. The tree absorbs carbon dioxide from thr atmosphere through stomata in the leaves. Light energy is absorbed and trapped in the chloroplasts. The light energy is converted to chemical energy and stored in the form of sugars and starches called photosynthate or carbohydrates. Photosynthates are building blocks for may other compounds required by the plant. Proteins, starch, fat, vitamins, amino acids and other important compounds are produced from photosynthate when combined with other elements such as nitrogen, potassium, sulfur and iron.Much of the photosynthate is stored by the tree in the from of sugar or starch for later energy requiements.





Light energy

Water

Sugars
CO2 Oxygen

Chloroplast

6CO2 + 6H2O                    C6H12O6 + 6O2



Tree Physiology
Respiration

Process by which the 
chemical energy generated 
by photosynthesis and stored 
as starch or sugar is used by 
the tree.

Energy produced by 
breaking the chain of 
molecules
Constant process
Plants are only organisms 
that produce own food
Oxygen is required

Presenter
Presentation Notes
Respiration is the process by which the chemical energy generated by photosynthesis, and stored as starch or sugar, is used by the tree. Sugars and starches are actually chains of carbon, hydrogen and oxygen molecules chemically bonded together. When the bonds are broken, energy is released, and carbon dioxide and water are given off. The energy released is used by the tree for biological functions.Respirations is a constant process of converting food into energy. Only plants produce their own food, however. Thus it is important that the overall photosynthesis exceeds respiration.  When respiration takes place in the absence of photosynthesis, the tree must rely on stored energy reserves. If this happens over a extended period of time, the tree will eventually run out of energy and die.Oxygen is required for normal aerobic respiration. Trees are not capable of respiration in the absence of free oxygen.  Under flooded conditions or with soil compaction, oxygen is scarce and respiration can not be completed.
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Differences and Similarities

Photosynthesis
Building Process
1. Produces food 
2. Stores energy
3. Occurs in cells containing 

chloroplasts
4. Releases oxygen
5. Uses and produces water
6. Uses carbon dioxide
7. Rate is dependent on light

Respiration
Breaking-down process
1. Uses food for plant energy
2. Releases energy
3. Occurs in all cells

4. Uses oxygen
5. Uses and produces water
6. Produces carbon dioxide
7. Rate is independent of light





Light Energy

Photosynthesis

Energy 
Released Stored Energy

Respiration

C6H12O6 + 6O2                          6CO2 + 6H2O



Tree Physiology
Transpiration

Loss of water in the form of 
water vapor from leaf 
surfaces

Water movement in xylem 
from root to leaf

Factors affecting 
transpiration

Light, temperature, 
humidity, available water, 
cuticle thickness, # of 
stomata, anti-transpirants
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Presentation Notes
Transpiration is the loss of water in the form of water vapor from the leaf surfaces. The evaporation of water cools the leaves and creates a “transpirational pull” that moves water up through the xylem from the roots to the leaves. The rate of transpiration is affected by temperature, humidity and available water. Transpiration is also affected by anatomical features such as cuticle thickness, the presence of hairs on the leaf surface, and the number  and location of stomata. Arborists sometimes use antitranspirants to artificially close stomata thus reducing water loss during transplanting or during a drought. However the use of these materials reduces evaporative cooling of leaves and can reduce the rate of photosynthesis.



Tree Physiology
Absorption, Translocation, and the Vascular System
Terms

Osmosis -
movement of water 
from higher 
concentration to 
lower concentration
Phloem transport
Source and sink
Longitudinal or axial 
transport
Radial transport

Presenter
Presentation Notes
Water enters the roots by a process called osmosis. Osmosis is the movement of water through a membrane from a region of high potential water concentration to a region with lower concentration. Water will normally move into roots where the water potentially is lower than in the surrounding soil.Phloem transport is the movement of photosynthate  and other compounds in the phloem. The phloem is composed of sieve cells and companion cells. The carbohydrate products  of photosynthesis are actively pumped through the phloem, a process that requires energy.In discussing phloem transport the terms source an sink are often used. Leaves are the source of photosynthate. The photosynthate moves through the phloem in a direction from source to sink, from areas high in sugar concentration, to areas where more is required. Sinks are plant parts  that utilize more energy than they produce. Almost all plant parts are sinks at some time including young leaves. The movement of water in the xylem and photosynthate in the phloem are examples of longitudinal or axial transport. Radial transport is the horizontal movement of water and nutrients within the tree between cells of different ages, mostly through ray cells. 



Tree Physiology
Other terms and functions

Hormones
Auxins, gibberellins, 
cytokinins, ethylene 
and abscissic acid
Control such things 
as cell division, cell 
elongation, fruit 
ripening, leaf drop 
and root 
development

Presenter
Presentation Notes
The coordination of processes in trees is controlled in part by plant growth substances or hormones. Plant hormones are naturally occurring compounds which act in small qualities to regulate plant growth and development. The major hormone groups include auxins, gibberellins, cytokinins, ethylene and abscissic acid. Hormones control such things as cell division, cell elongation, fruit ripening, leaf drop and root development. 



Why Do Trees Die?
Respiration terminates.
Why? Carbohydrate 
production ceases stored 
carbohydrates are depleted.
Why? Photosynthesis 
discontinues.
Why? Factors necessary for 
photosynthesis are obstructed 
(sunlight, water, nutrients, 
temperature, CO2 or O2).
Why? Human activities and/or 
environmental changes.

Tree Mortality Spiral

Presenter
Presentation Notes
What causes older, well established trees to eventually die? Essentially they run out of energy. All living cells in the tree system require energy to survive. As trees age and grow, their massive size and structural complexity demands more energy. They have less energy stored for emergencies. As certain environmental or pest problems occur, energy demands increase, and reserves are depleted.Think about a city tree  growing in hard, compacted soil. The tree may appear healthy for a period of time. However, its roots are not growing well due to inadequate supplies or oxygen and moisture and an inability to penetrate the hard soil. The roots fail to supply the top of the tree with adequate water and nutrients. Fewer, smaller,  yellowish leaves are produced. Consequently, carbohydrate production (energy storage) is reduvced. The tree is unable to grow well because of low energy reserves. The tree is under stress.If the stress can be removed from our city tree, it may recover. Typically, however, other problems compound the situation. Periods of drought intensify the soil and root problems. The tree is wounded by a car. Insects attack the trunk. High amounts of energy (carbohydrates) are used for “defense.” Energy levels are depleted further. The tree begins to decline and, if stress continues, the tree dies. This type of situation is referred to as a “mortality spiral”. Such a spiral can begin at any age and may take several years to run full course.



Tolerance to Change

Presenter
Presentation Notes
As trees age, we see distinct changes in their ability to respond to stress. Young trees have a high ratio of photosynthetic (leaves) to non-photosynthetic (woody) tissue. Consequently, for their size, they produce a relatively high amount of energy. Healthy, young trees produce enough energy for growth and abundant storage. They tolerate environmental change and maintenance treatments. In contrast, mature trees have heavier demands on their energy supply. They utilize some energy for growth, but a large percentage is used just to maintain the massive amounts of existing tissues in the trunk, branches, and roots. Additional energy is needed to seal wounds that occur from wind breakage, insect attacks, and other sources, and for the development of reproductive structures. Because of their tighter energy budget, mature trees have very little stored energy for responding to environmental change. In essence, mature, healthy trees are in delicate balance with their environment. The key to preserving this balance, and therefore their health, is to maintain environmental stability around mature trees.
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