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Introduction

Black cherry (Prunus serotina Ehrh.) is an
important commercial hardwood species
in the northeastern United States. The

species is considered intolerant of over-

story shade, although young seedlings
usually develop in the shade of an over-
story or in partially cut stands. Leaf age
and developmental stage are important
determinants of many physiological pro-
cesses in trees, especially those with
indeterminate growth. Net photosynthetic
rate is a process that influences survival
or death of young seedlings. Relationships
between plant age, leaf age and develop-
ment, and net photosynthesis have been
investigated for only a few hardwood spe-
cies.

Materials and Methods

Black cherry plants were raised from half-sib
seed and grown in sand culture watered daily
with a complete mineral nutrient solution. The
plants were grown in growth chambers at 25°C
during 16 h d under approximately 335 ,umol
M-2-S-1 PPFD from cool white fluorescent and

incandescent larrrps. Nights were 8 h at 18°C.
Humidity was not regulated. We removed the
cotyledons and first 4 leaves when plants
reached the 8-10 leaf stage, since these leaves
often abscised. So the 5th true leaf produced
was given the serial leaf number 1. We used
the plastochron index of Erickson and Michelini
(1957) to measure age of plants, and of leaves
on plants in units of developmental time. The
index leaf length was set at 75 mm, since small-
er leaves were difficult to handle in our leaf
chambers due to their short petioles. The plas-
tochron index was calculated from measure-
ments of the smallest leaf that had a leaf lamina
at least 75 mm long and the next serial num-
bered leaf above it.

Leaf area was measured on 277 leaves from
14 plants ranging in plastochron age from
18-40. Each leaf was measured in situ 3 times
with a Li-Cor lea.f area meter. The length and
width of each leaf were measured to the near-
est mm with a ruler. The average area from the
3 measurements was used to develop predic-
tive models for leaf area. Net photosynthesis
was measured in a 20 cm water-cooled, plexi-
glass leaf chamber by infrared gas analysis in
an open system. The system was operated with
330 ppm of humidified C02 at a leaf tempera-
ture of 25±0.5°C. Illumination was provided
with a single 400 W sodium iodide metal arc
lamp at 600 pmol m-2-s-1 PPFD. Gas flow was
maintained at 900 ml/min. Prior to insertion in
the leaf chamber, leaf area was measured with
a Li-Cor leaf area meter. We measured plants
ranging in age from 7 to 20 plastochrons.



Vertical profiles were measured on 3-5

plants at each plant age on all leaves 75 mm
and longer, beginning with serial leaf number 7.
For example, only leaf 7 was measured on a
plastochron age 7 plant, whereas leaves 7

through 20 were measured on a plastochron
age 20 plant (Dickmann, 1971). ).

Results

All of the models tested to predict leaf
area from various combinations of leaf

length and width had good correla-
tions and significant regressions. Several
models explained 97% or more of the
variation. The simplest of these models is
the linear regression which explained 98%
of the variation and does a good job of
predicting leaf area from length and width
measurements.

Under our growing conditions, the plas-
tochron interval, or length of chronological
time between the time a leaf reaches
index leaf length of 75 mm and the time
the next serial numbered leaf above it
reaches 75 mm, varied from 1 to 3 d on
different plants. Leaves with serial leaf
numbers less than about 9 were shorter,
had less leaf area and often had a larger
plastochron interval than higher serial
numbered leaves. Leaves on older plants
required a greater number of plastochrons
to reach full expansion than leaves on

younger plants. Maximum leaf size be-
came stable between serial leaf numbers
10 and 13. Leaves on older plants also re-
quired successively more plastochrons to
reach maximum net photosynthesis. Leaf
area increased with leaf plastochron age
(LPA) up to a maximum at LPA 4-5 and
then remained constant. As plant size

increased, mean leaf area increased from
47.2 to 57.5 to 62.2 cm2 for 7, 10 and 13 3
leaf plants, respectively.
Since our index leaf was comparatively

long, all of the leaves we measured were

net producers of photosynthetic products.
Maximum net photosynthesis was reached
before leaves were fully expanded. In a
horizontal series, serial leaf number 7,
maximum net photosynthesis was reached
at LPA 2, while full expansion of leaves
was not reached until LPA 4-5. Maximum
net photosynthesis was maintained for

only a few plastochrons in leaf 7 before it

began to decline gradually. Average net
photosynthetic rate was higher in leaves of
the same LPA on younger plants than on
older plants. In an oblique series, average
Pn of LPA 3 leaves was 0.270, 0.227, and
0.176 mg CO2’m-2.-1 in plants with 10, 15 5
and 20 leaves, respectively. In a vertical

series, net photosynthesis increases to a
maximum at LPA 2-3 in younger plants
and 3-4 in older plants, maintains that
rate for several plastochrons, and then
declines gradually. Maximum net photo-
synthesis is maintained for a shorter time
in leaves on younger plants than in leaves
on older plants, ranging from 4 to 9 plasto-
chrons. Older plants have many leaves
producing at the maximum net photosyn-
thetic rate, but at a lower rate than in

younger plants. A large proportion of the
leaves on LPA 7-20 plants have net pho-
tosynthetic rates within 90% of the maxi-
mum rate for that aged plant.

Discussion and Conclusion

Developmental patterns of black cherry
leaves are very similar to those of other
indeterminate growth hardwoods, such as
the poplars (Larson and Isebrands, i 971 ).
Leaves grow in a predictable and constant
fashion under constant growth chamber
conditions. The light condition used in the
growth chambers was low, however, it was
still higher than the light level in the

understory of black cherry stands where



seedlings compete with other plants for
survival. The photosynthetic rates re-

ported are shade leaf values rather than
sun leaf due to this low light condition.

Photosynthetic rates of other Prunus

species all showed rates and develop-
mental patterns similar to those of black
cherry for both growth chamber and field
measurements (Andersen and Brodbeck,
1988; Crews et al., 1975; Sams and Flore,
1983; Even-Chen et al., 1981). The only
exception was field-grown sour cherry
seedlings that had rates double those of
all other reports (Sams and Flore, 1982).
The photosynthetic and leaf develop-
mental patterns of black cherry seedlings
are tools that can now be used as mea-
sures of response to treatments. Problems
in regenerating black cherry due to inter-
ference from herbaceous and woody
plants are very serious problems in mil-
lions of acres of forest. Studies on mecha-
nisms of interference and amelioration of
interference that are being conducted will
use these techniques.
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