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SEASONAL DEVELOFPMENT IN SUN AND SHADE LEAVES
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: New Brunswick, New Tersey

INTRODUCTION

It is generally agreed that the same species of
plants growing under different envirommental con-
ditions often produce leaves that are strikingly
different. Light is thought to be one of the most
tmportant, if not the chief factor, in producing
these leaf differences—hence, the term ““sun’
leaves far plants growing in full sunlight, in con-
trast to “shade” leaves for plants growing under
less intense light. Wylie (1949, 1951} has dem-
onstrated the occurrence of sun and shade leaves
at different locations in the crown of isolated trees
by intensively studying differences in tissue volume
per unit area of blade and in vein spacings. Al-
though other studies, the results of which are sum-
marized hy Burkholder (1936) and Daubenmire
{1947, have heen made an the ecological anatomy
of mature leaves, little work has heen done in
tracing foliar developnient of sun and shade leaves
fram their initial stages in the bud to the fully
matured leaf. Consequently, the time and man-
ner in which the characteristic differences arise
are not well known. The purpase of this study
has, therefare, heen to undertake such an investi-
gation and to relate certain environmental factors,
namely, temperature and light to the develop-
mental morphology of sun and shade leaves.

The author wishes to express grateful apprecia-
tion to Dr. Marion A. Johnson and Dr. Murray
F. Buell for their guidance and invaluable as-
sistance throughout the wark., Thanks are also
due to Dr. John A. Small, who warked in collab-

oration with Dr. Murray F. Buell, in furnishing
the data on light measurements used in this paper.

METHODS

Data reported in this paper have been obtained
from Coruus florida 1. which seems to grow
about equally well in full sunlight as in shady.
woods, and Fiburnunt prumifolivm L. which at-
tains maximum vigor and size in open fields. In
early October, a fairly mature specimen of each
species growing in the dense shade of Mettler’s
Woaoods, an oak-hickory forest of central New
Jersey, and two other plants of comparable size
and age found nearby on an abandoned field of
the same soil type as Mettler's Woods were se-
lected for study. Bud or leaf measurements, col-
lections of material for histalogical examination,
and temperature readings were made from Qc-
tober 9, 1952, to July 13, 1953, at approximately
monthly intervals in the winter, and at biweekly
ar weekly visits later in the growing season.

Growth was followed by measuring the length
of a series of 5 to 6 vegetative huds along a tagged
branch on each plant with a vernier caliper. When
this was no longer possible due to the unfolding
of the leaves, measurements were made with z
mm. ruler. The several buds or pairs of leaves
from each branch were averaged to obtain the
growth measurements recorded in this paper.

Bud or leaf collections were made by remaoving
a twig close to the median peripheral portions of
the plant. The twigs were immediately wrapped
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with wet towelling and put into a vasculum. Ex-
cept for the fArst few collections when the buds
were stored in this condition overnight, the ma-
jority of buds and leaves were hrought to the lab-
oratory to be fixed within the same day. Buds
were descaled, remaved from the twigs, and fixed
in FAA (5 cc. formaldehyde, 5 cc. glacial acetic
acid, 90 cc. of 50% ethyl aleohol). In older
leaves, which were always confined to the first
pair, small rectangles were removed from the
middle of the blade and then fixed in FAA. The
leaves from the last two collections were fixed in a
formalin-pyrogallol solution (Marengo 1952).
The tissues were aspirated, and after fixation they
were dehydrated in a n-butyl alcohal series, em-
hedded in paraffin, sectioned transversely with a
microtame at 10 microns, and stained with safranin
and fast green {Johansen 1940). ®Serial sections
were considered necessary auly for the buds.

Temperature records were made with a pair of
maximum-minimum thermometers in the waods
and with a similar pair in the open field. The
thermameters rested on wooden blocks in alumi-
num shields which were nailed to a post or tree
trunk about one meter ahove ground level. They
were oriented so that the bulb pointed in a north-
erly direction. The thermometers were reset after
each reading.

At approximately 1 P.M. on January {7, 1953,
a bright cloudless day, light readings were taken
with a Weston illumination meter. The photo-
cell was held in a horizontal position about 1.8 m.
abave the ground. Averages of 36 light readings
obtained at 1 m. spacings along a 5 m. square
grid were taken in the open, in the woads, and
again in the open. The readings which were taken
twice in the open were averaged. TFurther data
an light readings for use in this paper were oh-
tained through the courtesy of Dr. M. F. Buell
and Dr. J. A. Small.

ResuLts
Growti

There was little growth in hoth shade and sun
leaves of Cornus florida and Vibuwrnum prunifoli-
um during November, December, January, and
most of February. This may be seen in Fig. 1
in which the average length of buds and the aver-
age area (length x width) of unfolded blades for
the various dates on which they were measured
are plotted. Although in hoth species, the huds
of sun plants were slightly longer than those in the
shade at the beginning of the experiment, this
differenice was not considered significant. Early
in the experiment, the abandoned field was plowed
far cultivation, resulting in the destruction of the
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sun plants. Buds of sun plants which were newly
selected on February 28 were somewhat shorter
than buds of the shade plants.

In Corunus flovide, no change in bud size was
observed until ahout March 30 for the shade plants
and April 8 for the sun plants, when significant
increases in length accurred as is evident from
Fig. 1. Leaves did not begin emerging from their
bud scales unti] twa weeks later, April 8 for the
shade plant and April 13 for the sun plant. Growth
continued at a fairly steady rate so that by April
27, two pairs of leaves from each bud were com-
pletely unfolded, and measured an average of 34
mm. long for the shade leaves and 21 mm. for
the sun leaves. Although the rate of leaf ex-
pansion increased markedly in both Cornus plants
during the early part of May, the difference of
growth rate between sun and shade plants was
even more striking, as may he seen hy the sharp
divergence in their growth curves in Fig. 1. By
the Arst week in June, growth gradually levelled
off. At this time the shade leaves of Cornus
flovida were 1.4 times as long and 1.3 times as
wide as the sun leaves. The total area of the
shade leaves was about 19 times greater than
that of the sun leaves (Fig. 1).

Bud and leaf growth in iburnm prunifolium
followed a similar pattern to that in Coruus
foride. The buds of Miburmum began to show
growth considerably earlier, however, as increased
hud length measurements in late February indi-
cated. The first pair of shade leaves liad com-
pletely emerged by the end of March and measured
an average of 19.3 nun. in length while sun leaves
were only 11.1 mm. long at the time when they
emerged two weeks later. Most rapid growth
took place throughout April and early May. The
final dfifference hetween the twa types of Vi-
burnums leaves was even greater than that of
Cornus. The shade leaves of Fiburninm pruni-
foltum were 1.5 times as long and 1.5 times as
wide as the sun leaves. The total area of the
shade leaves was about 2.3 times greater than
that of the sun leaves.

In addition to larger size, shade leaves were
considerably darker green in color, smaother and
thinner in texture than sun leaves in both Cormus
flovida and Viburnume prunifolium,

Leaf thickness

Taotal leaf thickness showed considerahle varia-
tion in the individual leaves. This may be seen
from the sharp dips, which are most frequent at
the time of greatest morphological change, in the
curves of leaf thickness in Fig. 1. Any decrease
in leaf thickness from ane date to another was
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Fi6. 1. Cornus florida. Growth of sun and shade leaves as measured by length of bud and by area {length
x width) of unfolded blade. The break in the curve of bud measurements in the sun plant is due to the interval
between which the first experimental plant was destroyed and another sun plant was selected for study. Tha
second part of the curve of bud measurements in the sun plant represents, therefare, the averages of an entirely

rnew set af buds.

Leaf thickness of sun and shade Teaves. Mature leaves collected an October 9, 1952 were used to compare

leaf thickness with leaves collected am July 13, 1953.

probably due to individual variation in the leaves
rather than to the method of measurement, since
the average standard deviation for the latter was
relatively small, = 2 microns.

About May 6 for Viburnum and May 16 for
Cornus, the rate of mncrease in thickness for sun
leaves hegan to exceed thase in the shade ta such
an extent that by July 13 leaf thickness had he-
come obviously greater in sun leaves. Shade and
sun leaves for Cornus had increased 19.9 microns
and 89.4 rmicrons, respectively, from the earliest
buds collected to the completely mature leaf, while
for Iiburnum the increases were 45.3 microns for
shade leaves and 1139 microns for sun leaves.
Comparison of blade thickness in leaves callected
on July 13 with that in leaves collected on Oc-
tober 9 of the previous year indicated that sig-
nificant increases did not occur in either Cormus
or Fiburuum after July 13.

A comparison of the thickness or height of the
different cell layers was made between “embry-
onic” and mature leaves as one of the methods
in determining the manner in which the layers
contribute to the over-all thickness of the leaf.
Leaves referred to as “embryonic’” were from fall
and winter buds in which some differentiation
had already occurred, as will be described later.

Early stages in ptimordia development are not
considered here. There was an increase in thick-
ness in all layers, except the lower epidermis, in
shade as well as i1 sun leaves with the approach
toward matuarity. However, the total thickness of
sun leaves, which was greater at maturity than
that of shade leaves in about the same proportion
in the two species, was due to a relatively larger
increase of cell layer thickness. The palisade, in
which marked elongation occurred, was the most
important layer in producing this effect. In-
creased height of spongy mesophyll and upper epi-
dermis also contributed ta the final difference,
hut to a lesser extent. The cells of the lower
epidermis measured the same in all four plants
hath in embryonic and mature stages.

Since the thickness of a leaf depends not only
on the height hut on the number of cell layers as
well, an attemipt was made to determine whether
there was any significant difference in this respect
hetween embryonic and mature leaves and he-
tween sun and shade leaves. In Cornus flovida,
the embryonic leaf cansisted typically of 6 layers.
However, in some places it was possible to count
7 layers due to additional periclinal divisions in
the first layer of the spongy mesophyll. The nu-
merous and closely spaced veins may have been



