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Abstract .--Net photosynthesis and growth and development of black
walnut half-sib families from open and forested habitats were studied in
the laboratory and the field under artificial shade. Maximum net photo-
synthesis occurred at a relatively low light intensity of 4,000 foot-
candles in comparison to intolerant conifers which reach maximum rates
of photosynthesis at full sunlight. Photosynthesis was similar in seed-
lings from open and forested habitats. Germination, height growth, dry
matter production, leaf surface areas and nitrogen, potassium, and phos-
phorous contents of seedlings grown under light and medium shade levels
were greater than that achieved in the open and under heavy shade. Pho-
tosynthetic adaption to contrasting light climates has not occurred in
central Kentucky.
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Although black walnut (Juglans nigra L.) has long been classed an
intolerant species (Baker 1950), there have been few physiological stu-
dies of its tolerance. Current recommendations call for the planting
of this species at wide spacing in pure plantations where thorough com-
petition control has been achieved (Burke 1973). The growth and form
of trees in black walnut plantations in Kentucky has not always been e-
qual to that which occurs in natural stands. Several times the author
has observed excellent natural stands of walnut where this species has
grown under competition pressure from other species, particularly box-
elder (Acer negundo L.). After several years of a black walnut super-
ior tree selection program in Kentucky, we have found few superior trees
in the Bluegrass physiographic region where open, park-like forests pre-
vail. The walnut in this area shows poor form and growth and little na-
tural regeneration is observed.

These observations have led us to question the planting of walnut
on exposed sites. In 1972 and 1973, we established a study to examine
the effect of light intensity on net photosynthesis in black walnut and
development under four levels of artificial shade. Another objective



of the study was to compare the growth and development and net photosyn-
thesis of half-sib families collected from open and forested habitats in
central Kentucky and to determine if photosynthetic and adaption to con-
trasting light climates had occurred as in Atriplex (Bjorkman 1972).

METHODS

In October 1972, we collected seed from four open-pollinated black
walnut trees in central Kentucky. Two of the parent trees were located
in open park-like forest stands typical of the bluegrass region surround-
ing Lexington. The second two parent trees were located in a heavily
forested section of the Daniel Boone National Forest, about fifty miles
from Lexington. The seeds were stratified at 38º F until the spring of
1973. In May, seed from each half-sib family was divided into two groups.
One group was planted in 3-gallon pots in the green house and grown for
two months to use in a laboratory study of net photosynthesis. The re-
maining walnut seed was sown in 3-gallon pots in an outdoor study of ar-
tificial shade.

Photosynthesis study .

After two months of growth under a 14-hour photoperiod in the green-
house, twelve seedlings were selected for uniformity of size and appear-
ance from each half-sib family. Photosynthesis was studied under condi-
tions where light intensity was varied while temperature and relative
humidity were maintained at constant levels. Measurements of photosyn-
thesis were made in a closed system using a controlled environment cham-
ber constructed of acrylic plastic. Five 500-watt weather resistant
floodlamps were immersed in an acrylic plastic water bath above the
chamber. Temperature control was achieved by circulating water cooled
by a large water bath through the outer walls of the growth chamber
and was maintained at 25ºC + 1. Light intensity was controlled with a
Powerstat Type variable transformer. Relative humidity was maintained
at approximately 50%.

A Beckman infrared gas analyzer and recorder were used to detect
and record CO 2 concentration changes. Small fans circulated air in the
chamber and a masterflex tubing pump maintained a flow rate of 1100ml/min
in the closed system.

Individual seedlings including their pot container were placed into
the growth chamber and subjected to photosynthesis runs at light inten-
sity ranging from 500 to 12,000 foot-candles. The seedling was condition-
ed at each new light intensity for a 15-minute period before photosynthe-
sis was recorded. The rate of CO 2 depletion from 330 to 270 ppm was used
as the measure of net photosynthesis. Rates were computed from slopes of
lines drawn tangent to the recorder tracings.

Artificial shade study .

In May 1973, twelve shade frames were constructed at the University
of Kentucky Robinson Forest near Jackson, Kentucky. Each frame was



6 x 8 x 6 feet, 288 cubic feet in size and contained 24 - 3 gallon plas-
tic pots buried and spaced at 2 x 2 feet. The frames were covered with
Armex green saran shade fabric to establish three levels of artificial
shade and an open treatment. The treatments established included open,
light shade (30% RI), medium shade (50% RI), and heavy shade (75% RI).
The pots were fertilized frequently and a Chapin Watermatic irrigation
system was used to maintain soil moisture at high levels. The twelve
frames were organized into a randomized block experiment in which each
of three blocks contained an open treatment and three shade levels.

In Late May 1973, five seeds from each of the four half-sib fami-
lies were planted in each pot. Germination was recorded and each pot
was thinned back to one seedling as germination progressed. Growth and
development was observed during the 1973 growing season and in Septem-
ber, 150 days after planting, the seedlings were harvested, leaf areas
were determined by planimeter, and dry weights were determined for the
root, stem, and leaf fractions. A single half-sib family from each hab-
itat was chosen and nitrogen, potassium, phosphorous, calcium, and mag-
nesium levels were determined by plant part. The Kjeldahl procedure
was used for the determination of nitrogen levels. Levels of the other
elements were measured with a Varian Techtron atomic absorption spec-
trophotometer.

RESULTS AND DISCUSSION

Photosynthesis study .

Few studies of net photosynthesis have been conducted with black
walnut. Carpenter and Hanover (1974) studied the photosynthetic effi-
ciency of first-year black walnut seedlings from a southern Michigan
source. We found that peak photosynthetic activity occurred in Mich-
igan two months after germination and then declined rapidly to low le-
vels. Light saturation was not studied but to appeared to be rather
low in comparison to conifers.

The rates of net photosynthesis determined in this study were
comparable to those previously reported. Figure 1 shows the light
saturation curve developed in this study. Maximum photosynthetic ac-
tivity in the Kentucky sources was reached at a light intensity of ap-
proximately 4,000 foot-candles . Net photosynthesis increased rapidly
from a low of 3.4 mg CO2/dm2/hr at the lowest light intensity studied,
500 foot-candles; peaked at 6.3 mg CO 2 /dm2/hr at 4,000 foot-candles
and remained at a high level until it began to decline at light in-
tensities above 7,000 foot-candles. There were no significant differ-
ences in photosynthetic activity between half-sib families from the
two contrasting habitats.

The light saturation curve developed in this study differs some-
what from those previously determined for other hardwood species. The
hardwoods studied by Kramer and Decker (1940) achieved maximum photo-
synthesis at light intensities of one-third or less full sunlight while
in loblolly pine net photosynthesis increased up to full sunlight. Other
studies have also shown that hardwoods reach maximum rates of photosyn-
thesis at relativity low light intensities. Most of the hardwoods pre-
viously studied are from the mid-tolerant range of Baker (1950).



Figure l.--Light saturation curve for Kentucky source of first-year black walnut seedlings.



The results of this study suggest that intolerance in hardwoods and
conifers cannot be equated.

Artificial shade study .

Germination began in the open treatment about two weeks prior to
that in the shade treatments. Germination was highest under medium and
light shade and lowest in the open and heavy shade treatments (Table 1).
Both the open and forested families responded to shade in similar fash-
ion.

Cumulative height growth of black walnut under artificial shade is
shown in Figure 2. Height growth was greatest under heavy shade. Medi-
um shade also resulted in increased height growth. Height growth of both
the open and forested families was significantly reduced under light shade
(Table 1). There was considerable variation among the four families in
height growth (Figure 3). There was especially wide variation among the
two open habitat families. Although there was variation in cumulative
height growth, all families began and ended growth at about the same time.

The effect of light intensity on leaf structure and size is well
known. In this study, both the medium and heavy shade levels greatly in-
creased leaf surface area, but leaf dry weight was relatively stable at
all light intensities (Table 1).

Shade apparently had little effect on the development of stem tis-
sues. Only the forested source produced more stem dry weight under shade
(Table 1).

Usually, increased light intensity stimulates root development at
the expense of shoot development. This did not occur in black walnut.
Increased dry weight of the root fraction occurred under light and me-
dium shade. Root-shoot ratios were also highest under these treatments
(Table 1).

The effect of shade level on whole seedling dry weight (Table 1) is
interesting in that it appears to reinforce the laboratory study of net
photosynthesis reported earlier. Both sources of black walnut appeared
to benefit in total dry weight production under light and medium shade.
However, the shade climate is complicated and the results reported here
may not be entirely due to light intensity. Heiligmann (1971) reported
that wind protection increased the growth of young black walnut seedlings.

Low light intensity usually results in the production of a tall,
spindly seedling. This occurred with black walnut under the heavy shade
treatment (Table 1). Height growth was greatest under 75% shade but stem
dry weight and stem diameter were considerably reduced.

Table 2 reports the effect of our shade treatments on the mineral
contents of the leaf, stem, and root fractions of black walnut families
from open and forested habitats. There were too few samples to apply



Table l.--First-year growth and development of open and forested black walnut half-sib families
under four levels of artificial shade



Figure 2.--Cumulative height growth of first-year black walnut seedlings
under four levels of artificial shade.



Figure 3.---Cumulative height growth of four black walnut half-sib families.



Table 2.--Mineral contents of black walnut families grown under four levels of artificial shade



statistics to this area of the study, but some interesting trends are
indicated. Nitrogen contents of all fractions increased as shade le-
vel increased. Phosphorous and potassium followed this trend also.
However, magnesium and calcium appeared to remain constant regardless
of shade level. There were no apparent differences between open and
forested sources.

CONCLUSIONS

The results of this study indicate that some shade may be bene-
ficial to the establishment and early growth of black walnut. No evi-
dence was found to suggest that photosynthetic adaptation to contras-
ting light climates has occurred in central Kentucky. Seedlings from
both sun and shade habitats responded to artificial shade in similar
fashion.

The effect of light intensity and shade on black walnut should be
further studied in the laboratory and field. What environmental fac-
tors in the shade microclimate caused the increased growth of black wal-
nut seedlings? There is great need to study the growth and development
of older seedlings and saplings under shade. Studies should include the
effect of shade on apical dominance and form.

It is obvious from this study and others in the area of hardwood
physiology that intolerance in hardwoods and conifers should not be e-
quated and silvicultureal practices developed for the culture of coni-
fers should not be applied to hardwoods without considerably study.
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