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Why L eaves Change Color -
The Physiological Basis

by William R. Chaney, Professor of Tree Physiology

Mythsabout Jack Frost are soingrained inour folkloreit
isdifficult to separate fact from fantasy when explaining the
spectacle of autumn color. These legends compensated for
the lack of knowledge concerning the natural phenomenon.
Today, however, the display of color we enjoy each fal is
explained by understanding plant pigments, the physiology
and anatomy of leaves, and the influenceof climateand sea-
sonal weather conditions.

Both Hardwoods and Conifers Develop Autumn Color

Hardwood trees, with their broad |eavesthat changecolor
almost in unison, generally display the most spectacular au-
tumn color. However, afew conifer species, such aslarches
and baldcypress, which drop all their needles each fall, de-
velop striking color too. Eventhe evergreen conifersdevelop
autumn color, but the color changesarerestricted to theolder
needles. Two-year-old or older needlesare shed from conifer
trees each year after they turn yellow, brown, or rarely red-
dish. These interior needles appear in sharp contrast to the
green needleson the endsof the shoots. Y et evenin themost
conspicuous cases, as in pines and spruces, autumn color is
muted by the green of the remaining current year needles.
Residents often become unnecessarily alarmed in theautumn
when the interior needles of their conifersturn color, mistak-
enly interpreting thisnatural condition assign of adisease or
insect problem. Regardless of the kind of tree, the reasons
forfall color arethe same.

L eaf Pigmentsand Seasonal Changes

Four leaf pigments account for leaf color and itschanges
in the autumn; chlorophylls, carotenoids, tannins, and an-
thocyanins.

Chlorophyll located intiny organelles called chloroplasts
in the cytoplasm of cells gives leaves and other plant parts
their green color. Thispigment absorbsthe radiant energy of
the sun and is essential for the process of photosynthesis in
which carbon dioxide and water are transformed to the sug-
ars necessary for tree growth. Throughout the growing sea-
son in a healthy tree, chlorophyll is continuously being pro-
duced and destroyed. Even though light is necessary for the
formation of chlorophyll, continued exposure of new chloro-
phyll to sunlight with its damaging high-energy ultraviolet
wavelengths will destroy the pigment. Hence, if aleaf isto
remain green, new chlorophyll must be made constantly.
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As days get shorter and temperatures cooler in the au-
tumn, important physiological processes are triggered that
make conditions for chlorophyll production less favorable.
Nitrogen and phosphorus are sowly withdrawn from the
leavesfor storage in twigs and branches during the dormant
winter period. Thelossof these nutrients, essential for chlo-
rophyll production, coupled with the reduced exposure of
leavesto light asdays get shorter, gradually stops the produc-
tion of chlorophyll. The green color of leaves fades as the
production of new chlorophyll diminishes and the existing
chlorophyll isdegraded. Thetiming of chlorophyll lossvar-
iesamongdifferent kindsof trees, accounting for someleaves
that remain green longer than others.

Carotenoid pigments, responsiblefor theyellow and or-
ange colors, also are located in the chloroplasts and assist
chlorophyll in the capture of sunlight for photosynthesis.
These yellowish pigments are always present in leaves, but
are not visible for most of the year because there are larger
amounts of green chlorophyll. Aschlorophyll degrades, the
yellowish colorsbecome apparent and giveleaves part of their
autumn splendor. It isthe unmasking of the carotenoids that
account for the yellow color of Norway maple, Ohio buckeye,
yellow poplar, sycamore, birches, hickories, ashes, and many
other trees. The same processal so accountsfor theyellowing
of leaves at any time during the year due to nutrient defi-
ciency or disease that reduces the normal production of
chlorophyll.




Tanninscause the brown huesin leavesof some oaksand
other treesin the autumn. Like the carotenoids. these com-
poundsareaways present, but only becomevisibleaschloro-
phyll and carotenoids disappear from leaves. Tannins are
bitter substances that color and flavor tea and cause unripe
persimmonsto pucker your mouth. They are common waste
productsof metabolismin trees, deposited in the cell sap in-
sidethevacuole aswell asin cell walls, and often accumul at-
ing to considerable amounts in dead tissue. The golden yel-
low produced in some leaves such as those of beech, result
from the presence of tanninsal ong with the yellow carotenoid
pigments.

Anthocyanin pigmentsare responsible for the pink, red,
and purple leaves of sugar and red maple, sassafras, sumac,
white and scarlet oak, winged euonymus, and many other
woody plants. They are formed in the cell sap inside the
vacuol ewhen sugarscombinewith complex compoundscalled
anthocyanidins. Thevariety of pink to purplecolorsisdueto
many, sightly different compoundsthat can beformed. Their
color isinfluenced by cell pH. These pigments usualy are
red in acid solution and may become purplish to blueif the
pH of the cell sap isincreased.

Anthocyaninsare usually not present inleaves until they
are produced during autumn coloration. A few trees, how-
ever, such as'Crimson King' Norway mapleand purple Euro-
pean beech have reddish Ieaves throughout the growing sea-
son dueto anthocyaninsinthem. Not all trees havethe genes
required for production of anthocyanin pigments, and hence
those trees only develop yellow and brown shades of autumn
color.

Formation of Abscission L ayer

Shorter days and cooler temperatures infall initiate leaf
senescenceinvolving complex biochemical processes, which
increase the enzymes in leaves that promote the breakdown
of cells. Oneof theresultsisthe collapseof cellsintheliving
phloemtoforman abscission layer at thebaseof |eaf petioles
wherethey attachtotwigs. Thisisthe pointat whichaleaf is
eventually shed. The nonliving xylem tissues remain intact
for awhileand still carry water to the leaves, but the phloem
pathway for conduction of sugars out of leaves is severed.
Sugars, derivedfrom continued photosynthesisaswell asfrom
the conversionof stored starch to solublesugarsin the leaves,
are trapped and are available for anthocyanin production.
Trees of the same species growing together often differ in
color. The colorsvary because of differences in amounts of
solublesugarsin theleavesfor anthocyanin production. Trees
exposed to the sun may continue photosynthesisand tum red
while others in the shade may be yellow. A single tree may
even have branches with different colored leavesdueto one
leaf shading another.

Best Weather for Autumn Color

Fall weather conditions affect anthocyanins more than
the other pigmentsinvolved in autumn color. The shades of
yellow and brown always appear, but it is the brilliant reds
and purples mixed with them that impart the awesomebeauty
to fall landscapes. Fall weather conditions favoring forma-
tion of bright red autumn color are warm sunny days fol-
lowed by cool, but not freezing, nights. Photosynthesisstill
occurs in leaves even while chlorophyll is declining. Rainy
or cloudy days with their reduced sunlight near the time of
peak coloration decrease the intensity of autumn colors by
limiting photosynthesis and the sugars available for antho-
cyanin production.

Thereis an old wives tale that claims rain washes the
color out of leaves. It isnot true, but the overcast conditions
do reducelight intensity, and heavy rainsand highwinds can
sweepthe leavesoff treesearly. Thecommon belief fostered
by legends that a hard frost is necessary for good autumn
color isn't true either. Freezingtemperatures greatly reduce
the brilliance of autumn color by killing or severely injuring
theleaves, preventingphysiological processesbefore the pig-
mentsreachtheir maximumdevelopment. The mythical Jack
Frost who supposedly brings redsand purplesto autumn trees
by pinching theleaveswith hisicy fingersactually doesmore
harm than good.
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Both hardwood and conifer treesdevelop fall color. \

Chlorophyll isa green pigment in chloroplast necessary '\
for photosynthesis.

Carotenoids are assessory pigmentsfor photosynthesis,
located in chloroplast and give yellow and orange colors.

Tannins are waste products of cell processesfoundin
vacuoles and cell walls, giving brown colors.

Anthocyaninsare complex and numerous pigments
generaly produced in thefall from sugars and respon
siblefor pink to purple colors.

Abscissionlayer isa zoneformed by collapse of phloem
cells, trapping sugars in leaves and the point where a leaf
isshed from atwig.

Best weather condition for autumn color are bright sunny
days and cool nights.

Moreinformation can be obtained from the Purdue
University, Department of Forestry and Natural Resources
website www.fnr.purdue.edu
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