THE MYSTERY OF AUTUMN COLORS
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Fall is a beautiful and colorful season.  It is nature’s last big party for deciduous trees before they settle down for a well-deserved winters rest.  The autumn display in the Pacific Northwest is not as dramatic and widespread as the deciduous forests in the northeastern part of North America.  But it is nonetheless, spectacular.  To some, this northwestern display is an advantage.  The vast areas of leaf color change in the northeast are absolutely amazing and awe inspiring, but it is usually viewed from a distance as a grand landscape.  With color change in the Pacific Northwest, we can enjoy each tree and each individual leaf on a more personal basis.  The native evergreens, throughout the Maritime Northwest, act as a backdrop to the changing leaves of the deciduous broadleaf species.  These evergreens frame and accentuate the brilliant colors of fall.  
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The color change, and eventual abscission (controlled shedding), of the leaves of deciduous trees is a highly complex chemical, hormonal and physiological process that is not yet fully understood.  This process is a necessary function of the tree’s metabolism to prepare it for winter and issue the plant into dormancy.  The leaves are the main photosynthetic organ of the tree and are an extension of the plant’s vascular system.  The leaves of plants, during the growing seasons, obtain water and nutrients from the soil through their roots.  These nutrients, along with water, are translocated through the vascular tissue of the plant to the leaves and other organs.

The leaves in turn, through the process of photosynthesis, take carbon dioxide gas and water from the air and roots respectively, and with light energy, produce glucose and oxygen (glucose for the plant and oxygen for the atmosphere).  The active and essential ingredient in this process is chlorophyll.  Chlorophyll gives leaves and other photosynthetic organs their green color.   Bright sunlight and other factors, cause chlorophyll to decompose.  Chlorophyll must be produced continually during the growing season.  This pigment is not a very stable compound, and it is the first pigment to show the effects of fall color change.
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The most important factor initiating leaf color change is photoperiodism (the length of day and night).  As the nights become longer and cooler, the process of senescence, which leads to aging and death of the leaves, starts the change of color in the leaves and eventually leads to their abscission.  Photoperiodism triggers physiological activities in the tree that initiates the beginning of the dormancy cycle.  As the photoperiod decreases, some of the water and nutrients are drawn into the stems away from the leaves and eventually back to the plant for its benefit in preparation for winter.  After this process, all that will remain of the leaf in deciduous plants will be the cell walls and nutrient depleted protoplasm.  The leaf will eventually degrade and be returned to the soil after it abscisses, falls to the ground and decomposes.    

As the above-referenced process is going on, a membrane is being formed between the branch and the base of the leaf petiole (leaf stock) where the leaf is attached to the stem,  this is the abscission zone.  The development of the abscission zone is initiated by hormones that implement a series of chemical processes that, in turn, cause the development of two types of cells within this zone:

1) Parenchyma cells (unspecialized tissue) are very soft and are on the leaf side of the petiole, and

2) Suberized cells (suberin tissue is resistant to decay) are waxy, impermeable and are formed on the tree side of the petiole.  These suberized cells act as a protective seal.  Their tissue protects the tree from possible introduction of disease pathogens after the leaf is dropped.
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The abscission membrane interferes with the flow of nutrients into the leaf.  Because of this, the chlorophyll in the leaf declines and the green of the leaf starts to fade, starting the change-of-color process.  

There are pigments other than chlorophyll in the leaves of trees and other plant organs.  Carotenoid pigments are carotene and xanthophylls.  Carotenoids are responsible for the color in carrots and bananas.  Carotenoids also can produce shades of brown.  These pigments function as accessory light absorbers.  They capture certain wavelengths of light that chlorophyll does not, thereby increasing overall absorption of the visible light spectrum.  These pigments do not need light to be produced.  The carotenoids are much more stable than chlorophyll is and will persist in the leaves after the chlorophyll has faded and/or has disappeared.  The remaining cartenoids will cause the leaves to appear yellow.   

In contrast to the photoperiod sequence that induced change in leaf color is desiccation of leaves when a plant is under moisture stress.  Lack of moisture, such as in drought conditions, is an environmental issue.  When the leaves of both evergreens and deciduous trees turn yellow and/or brown during the growing season, it is a function of destruction of the chlorophyll and the leaf tissue rather than a hormonally induced pigment change due to seasonal change.  

Anthocyanins, the third class of pigments, produce the red and purple colors in fruits, berries and leaves.  These pigments are not present in the leaves during the growing period but are developed in late summer and are formed by a chemical reaction between accumulating sugars and organic compounds.  The reaction needed to produce anthocyanins requires light and warm sunny days followed by cool nights.  These pigments cause yellowing leaves to turn red or purple.  Trees with acid sap will have red leaves and ones with alkaline sap will appear purple.  The beautiful deep orange fall colors of some leaves are a combination of both anthocyanins and carotenoids. One theory suggests that these pigments in autumn leaves are produced after-the-fact in order to defend against insect attack.

As a general rule, plants that are shaded do not produce the brilliant colors of the same species that are exposed to full sun.  Usually, the leaves on the top of the tree or on the south side will start to turn first.  However, there are always exceptions to these patterns.   

 In developed areas where there is artificial illumination, such as street lights, the extended amount of light can add to a trees photoperiod, fooling it into thinking it is not as late in the season as it really is.  The complicated interactions of the environment, chemicals, hormones, pigments, genetics and other factors combine in different ways and at different times to keep this cycle of nature one of the most perplexing plant processes in plant physiology, and it also helps creates one of the most beautiful times of the year.
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