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SUMMARY

The present studies were designed to aid in the
solution of forest tree seedling establishment problems
common to stand conversion practices in Iowa. The
primary objectives were: (1) to determine the mini-
mum treatment needed to insure successful survival
and growth; (2) to study the relationships of light
and soil moisture in plant competition resulting from
stand conversion; and (3) to evaluate five species of
conifers — European larch, Scotch pine, eastern white
pine, Norway spruce and red pine — for adaptability
to region, site and underplanting.

Field studies were made at the Brayton Forest in
northeastern Towa and consisted of (1) practical
understory treatments to increase survival and growth
of five underplanted conifers and (2) controlled ex-
periments to evaluate overstory and understory com-
petition in such plantings. Studies at the State Forest
Nursery near Ames were planned to determine the
relative growth and photosynthetic characteristics of
three of the underplanted conifers (European larch,
eastern white pine and Norway spruce) and two
shrubby hardwood species (dogwood and hazel)
which offer serious understory competition in the
forest.

The results of these studies led to the following
conclusions: (1) An intensive cutting of the under-
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story and overstory canopies is needed for maximum
survival and growth of underplanted forest tree seed-
lings on the more fertile Jowa soils. (2) A gradual 2-
year release of understory-overstory canopies, or the
use of heribicides during the critical May-July growth
period, or both, probably will be necessary to prevent
extreme competition from a released shrubby and
herbaceous cover. (3) Light saturation values ranged
from 2,500 to 3,500 footcandles for all species, and
near-maximum growth rates occurred at approximate-
ly 3,500 footcandles for all species except European
larch. (4) Drouth survival of forest tree seedlings was
increased with an increase in light intensity up to
3,000 footcandles. (5) European larch and eastern
white pine are the only species that can be recom-
mended at this time for underplanting; larch, because
of its rapid rate of growth under intensive release
cuttings; white pine, because of its adaptability to
shade and root competition under less intensive cut-
tings. (6) Growth and photosynthetic efficiency of
hazel and dogwood are sufficiently high to cause
serious competition for all the conifers studied. (7)
The photosynthetic compensation point can be used
as an indicator of the tolerance and efficiency of some
species. (8) Tolerance is a result of the adaptability
of a species to competition for light, soil moisture and
nutrients.



Effects of Light and Soil Moisture on
Forest Tree Seedling Establishment:

by G. E. Gatherum,? A. L. McComb? and W. E. Loomis*

More than 18 percent (472,000 acres) of the com-
mercial forest area in Iowa is in nonstocked stands
(Morgan and Compton 1956). These stands contain
so little timber that they are not grouped in any
acceptable saw timber, pole timber or seedling and
sapling classification. The high density of undesirable
shrubs and noncommercial tree species that invade
these understocked areas precludes their use in timber
production until a new stand is established. The in-
ferior shrubs and tree species must be replaced
through a combination of overstory-understory canopy
removal and underplanting practices.

A thorough understanding of forest tree seedling
establishment is the primary requisite for a successful
stand conversion program. These studies were de-
signed to aid in the analysis of seedling establishment
problems when stand composition is being changed
by underplanting. The primary objectives were: (1)
to determine the minimum treatment needed to assure
successful survival and growth of underplanted coni-
fers; (2) to study the relationships of light and soil
moisture in plant competition through (a) field tests
of survival and growth and (b) controlled tests of
growth and photosynthesis; and (3) to evaluate five
species of conifers to determine their adaptability to
region, site and underplanting.

Field studies were made at the Brayton Forest in
northeastern Iowa and consisted of (1) practical
understory treatments to increase survival and growth
of five underplanted conifers and (2) an evaluation
of overstory and understory competition with such
plantings. Studies at the State Forest Nursery near
Ames were planned to determine the relative growth
and photosynthetic characteristics of three of the
underplanted conifers and of two shrubby, hardwood
species that offer serious understory competition in
the forest.

1 Project 1457 of the Iowa Agricultural and Home Economics Experi-
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2 Associate professor of forestry, Iowa State Universitv

3 Head, Department of Watershed Management, University of Arizona.

t Professor of botany, Iowa State University.

REVIEW OF LITERATURE

Since the first writings of Heyer (1852) on the
relative importance of light and soil moisture on
establishment of forest reproduction, investigations
related to this problem have been both numerous and
controversial. Most of the early methods of securing
adequate reproduction and high growth rates were
based on the work of Heyer. The presence or absence
of reproduction usually was attributed to light. Many
foresters thought that the high survival of some tree
species under the shade of others was principally a
matter of plant efficiency under low light intensities.
Others attributed the differences among species to
variation in responses related to light quality as
modified by transmission through the canopy.

In the early 19007, several research foresters sug-
gested that too much emphasis had been placed on
light at the expense of other environmental factors.
Some of the conclusions from the early investigations
were questioned because of the inadequacy of the
photometers used and of the methods used to deter-
mine the minimum light requirement. The objections
were best described by Grasovsky (1929, p. 23).

“1. The amount of light to which a plant is exposed
is not an index to the amount it uses.

o

. There are many factors other than light which
affect the survival of plants in a given habitat
and which must be considered.

3. Light is not the only factor causing the death
of the lower limbs of trees in stands where
measurements of the minimum light require-
ments were taken.”

The trenching experiments by Fricke (1904) and
Toumey (1929) gave impetus to studies of soil mois-
ture. In such experiments, a trench approximately 3
feet deep was dug around the perimeter of one plot,
while a paired plot was not treated. Competition from
vegetation adjacent to the trenched plot was eliminat-
ed when all roots were severed. The increase in soil
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moisture under conifers through trenching was as-
sociated with changes in the vegetation of the forest
floor, changes previously associated with increased
illumination. Similar results were obtained in other
experiments (Aaltonen 1926, Biswell 1935, Coile 1940,
Craib 1929, Daubenmire 1930, Grasovsky 1929, Kor-
stian and Coile 1938, Toumey and Kienholz 1931,
Toumey and Korstian 1946). However, the inference
that light intensity usually is subordinate to soil
moisture in the establishment and growth of repro-
duction was challenged by several investigators (Gor-
don and Buell 1945, Lutz 1945, Olmstead 1941, Pear-
son 1930, Shirley 1945). Some early, and many con-
temporary, studies concerning the effect of light and
moisture on photosynthesis, survival and growth of
tree seedlings emphasize the importance of both light
intensity and soil moisture (Baker 1934 and 1951,
Bates 1925, Bates and Roeser 1928, Bourdeau 1954,
Burns 1923, Chapman 1945, Decker 1954, Fabricius
1927, Kozlowski 1949, Kramer 1957, Kramer and
Clark 1947, Kramer and Decker 1944, Oosting and
Kramer 1946).

METHODS OF INVESTIGATION
Field Investigations

Practical Understory Treatments

A study designed to test several understory treat-
ments of possible value in stand conversion practices
was established in March 1956 as one approach to
artificial regeneration under low-grade forest canopies.
The primary objective was to test several methods
of potential practical value in understory treatment
and to obtain information on materials, equipment
and effects on competing understory plants and on
planted seedlings.

The experimental area was located in the northeast
corner of the Brayton Forest in Delaware County,
Iowa. The soil of the experimental area is Fayette
silt loam (Eschner 1952), a gray-brown podzolic soil
widely distributed in northeastern and eastern lowa.
The parent material is loess. The Fayette soils are
moderately fertile, naturally well-drained and readily
subject to erosion when disturbed. They occupy the
rounded crests of ridges and cover the lower slopes
except in hilly uplands. Eschner (1952) found Fayette
silt loam to be the most productive of the upland
hardwood soils in the Brayton Forest. The experi-
mental plots were located in a cove position on a
small drainage with a southwest aspect. Specifically,
the aspect averaged 50°W, and the slope, 25 percent.
Erosion was slight to none.

The forest in which this study was conducted is
typed as partially cut-over, white oak-northern red
oak-northern pin oak, good site (Eschner 1952). High-
grading practices over the past 50 years have resulted
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Fig. 1.
of the better section of the area in which the studies were
conducted at the Brayton Forest, lowa.

Hilly topography and inferior overstory representative

&

Fig. 2. Dense understory of dogwood and hazel, characteristic
of much of the experimental area, Brayton Forest, lowa.

in a stand of inferior species and of poor quality
stems of desirable species. The overstory consisted
primarily of the following species in order of abund-
ance: northern red oak (Quercus rubra L.),> white
oak (Quercus alba L.), white elm (Ulmus americana
L.), northern pin oak (Quercus ellipsoidalis E. J. Hill)
and shagbark hickory (Carya ovata (Mill.) K. Koch.).
The major components of the understory in order of
abundance were: dogwood (Cornus spp. L.), hazel
(Corylus americana Walt.), ironwood (Ostrya virgin-
iana (Mill.) K. Koch.), raspberry and blackberry
(Rubus spp. L.) and smooth sumac (Rhus glabra L.).
In much of the area, the density of dogwood and
hazel had increased appreciably because of the poor
management practices. The typical topography and
stand composition are shown in figs. 1 and 2.

The study was established as a split-split-plot ex-

5 All scientific names are taken from Little (1953).



periment in a randomized complete block design
(Cochran and Cox 1957). Each of the three replicates
was divided into four plots. These plots received the
following basic treatments intended to control under-
story growth and so favor development of the planted
species: check, burning, treatment with a rotary brush
beater or basal application of a brush-killer mixture.
The basic treatments were made late in March 1956.
The brush killer was applied to the understory as a
basal spray in a solution consisting of 0.5 pound of
24-D + 2,45-T in 3 gallons of kerosene. Subplots
were established by treatment of half of each plot
with a foliage spray on Aug. 16, 1956, to test the need
for follow-up control of competing vegetation. This
spray contained 0.25 pound of the 24-D 4 245-T
mixture in 2.5 gallons of water plus 0.5 gallon of
kerosene with a wetting agent. The mixture was
applied at the rate of 8§ gallons per acre.

Sub-subplots of 30 plants of each of five species of
conifers, representing a wide range of tolerance, were
established in each subplot the first week in April.
The following species were used:

1. European larch (Larix decidua Mill.), very in-
tolerant.¢

2. Red pine (Pinus resinosa Ait.), intolerant.

3. Scotch pine (Pinus sylvestris L.), intolerant.

4. Eastern white pine (Pinus strobus L.), inter-
mediate.

5. Norway spruce (Picea abies L.), very tolerant.

A 100-percent inventory of conifer survival was
made 1 month after planting to evaluate the condition
of stock and planting efficiency. Survival, height, and
diameter and height growth of all conifers were
measured in early fall of 1956, 1957 and 1958. Spring
survival was checked in 1957 and 1958.

Controlled Understory Cuttings at Different
Overstory-Understory Densities

This study was planned to determine the effect of
light and soil moisture on establishment and growth
of underplanted conifers. Variation in the intensity
of competition was obtained through controlled cut-
ting of the understory in stands of different overstory-
understory densities. The location, soils, topography
and vegetal cover of the experimental area were the
same as described in the first study.

This study was established as a split-plot experi-
ment in a randomized complete-block design within
unreplicated, fixed main-plot canopies. The unreplicat-
ed main plots established in March 1956 were:

1. No overstory and a dense understory of 24,000
stems per acre that averaged 15 feet in height;

2. A moderate overstory of 87 square feet of basal
area and a sparse understory of 6,900 stems per
acre that averaged 10 feet in height;

% Tolerance classifications are taken from Baker (1951).

3. A moderate overstory of 117 square feet of basal
area and a moderately sparse understory of
10,100 stems per acre that averaged 10 feet in
height. .

Three replications were established within each of
the three covers. Each replicate was divided into four
plots. One of the following intensities of cut was as-
signed to each plot: all understory stems clearcut, two-
thirds of the stems removed, one-third removed, none
removed. Although stumps of all stems were sprayed
with brush killer immediately after cutting and al-
though additional stems not removed were frilled and
sprayed with chemical to maintain the desired in-
tensities, considerable sprouting occurred over the
3-year period. Light intensity readings at seedling
height, used as a check on cutting intensity over the
3-year period for all overstory canopies, averaged 14,
18, 33 and 71 percent of clear-day light for the check,
one-third, two-thirds and clearcut treatments. Mea-
surements of clear-day sunlight in the open between
10 a.m. and 2 p.m. averaged 7,600 footcandles for the
3-year period. Subplots of 30 plants each of European
larch, red pine, Scotch pine, eastern white pine and
Norway spruce were established in each plot during
the first week of April.

Soil moisture samples were obtained from all plots
to a depth of 3 feet by 1-foot increments during April,
June, August and October of 1956, 1957 and 1958 in
the manner described by Lull and Reinhart (1955).
Soil temperatures were taken periodically during the
growing seasons of 1956, 1957 and 1958 at the surface,
at I-inch and at 3-inch depths from four-fifths of the
plots. Light intensity measurements were taken with
a Weston illumination meter three times during each
of the growing seasons of 1956, 1957 and 1958. Sam-
pling was done on cloudless days between 10 a.m. and
2 p.m. The sequence of measurements was changed
through the nine periods of sampling to avoid bias
which might occur from seasonal changes in the
altitude of the sun. The intensity of sampling was
limited to 25 readings per plot to insure a complete
recording of light intensities for all plots in 1 day.
The photoelectric cell was swung rapidly in a short
arc at conifer seedling height to obtain an average of
the variable light intensities resulting from the partial
diffuse and direct light found under leaf canopies. Sur-
vival, height, and height and diameter growth of all
conifers were measured in the same manner as de-
scribed for the first study.

Nursery Investigations

As an adjunct to the studies conducted at the Bray-
ton Forest, a series of growth and photosynthesis
tests was established at the State Forest Nursery.
These experiments, in which better control of light
and soil moisture was possible, enabled a more critical
evaluation of the relative effects of light intensities
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and soil moisture levels on forest tree seedling estab-
lishment.

The experimental area was located in the north-
west corner of the Iowa Conservation Commission
State Forest Nursery, 1 mile south of Ames, Towa.
The soil of the experimental nursery area is O’Neill
sandy loam, a brunizem. Its parent material is strati-
fied outwash of the Cary or Mankato glacial drift, or
both. This soil occupies high terraces that vary from
nearly level to somewhat eroded. The soils and sub-
soils are not calcareous but tend to be drouthy as the

solum overlies a substratum of stratified coarse sand
and gravel (Brown 1936).

Growth Test

This study was established as a split-split-plot ex-
periment in a randomized complete-block design
(Cochran and Cox 1957). Three replications of three
light intensity plots of 480 footcandles, 3,490 foot-
candles and 7,120 footcandles were established by the
construction of nine, 9 x 9 x 6-foot temporary green-
houses from lumber, lath, polyethylene sheet and
muslin (fig. 3). These light intensities were measured
at noon on clear days, at which time the light in-
tensity in the open averaged 8,440 footcandles. Sub-
plots of two available soil moisture ranges were estab-
lished within each greenhouse, one from 0.6 to 4.3
inches (12 to 22 percent by weight), the other from
2.8 to 4.3 inches (18 to 22 percent by weight) within
the 2-foot soil layer above the gravelly subsoil. The
higher soil moisture level was close to the field capa-
city; the lower varied between near wilting and the
field capacity. Within each soil moisture and light in-
tensity treatment, sub-subplots of 20 weighed seed-
lings each of European larch, hazel, eastern white pine
and Norway spruce were established in April 1957.
Dogwood was seeded at a rate sufficient to insure 20
healthy seedlings per sub-subplot when thinned 1
month later. Dogwood and hazel were lifted at the
end of the growing season because of exceptionally

Fig. 3.

General view of the greenhouses and mobile photo-
synthesis unit located at the experimental area, State Forest
Nursery, Ames, lowa.
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profuse growth and were seeded again in the spring
of 1958. Soil moisture levels and species were sepa-
rated within each greenhouse by 1 x 12-inch boards.

The soil moisture.ranges were maintained through-
out the growing seasons of 1957 and 1958 by watering
after determining needs with fiberglass-gypsum
blocks. Units were placed at 3-, 9- and 15-inch depths
in each of the soil moisture treatments in each green-
house. Weekly measurements of light intensities, soil
temperatures and relative humidities were taken with-
in each greenhouse throughout the growing seasons
of 1957 and 1958. Light intensities were measured
with a Weston illumination meter. Ten readings were
taken per greenhouse, and 10 were taken in the open,
on cloudless days between 11 a.m. and 1 p.m. The
sequence of measurements was changed weekly to
avoid bias which could occur from seasonal changes
in the altitude of the sun. The photoelectric cell was
held at seedling height and swung rapidly in a short
arc to average variable light intensities resulting from
alternations of diffuse and direct light under the
greenhouse covers. Soil temperatures were taken at
the surface, at 1-inch and at 3-inch depths within each
soil moisture and light intensity treatment. Relative
humidities within each greenhouse were measured
with a sling psychrometer. Daily fluctuations of soil
temperature and relative humidity were determined
through measurements at 9 to 10 a.m., 1 to 2 p.m. and
5 to 6 p.m.

A 100-percent inventory of seedling survival was
taken 1 month after planting as a check on stock con-
dition and planting efficiency. Hazel and dogwood
were lifted in the fall of 1957, and green and oven-
dry weights of tops and roots were determined. Sur-
vival, height, and diameter and height growth of all
seedlings were measured in the fall of 1957 and 1958.
Spring survival was checked in 1958. All seedlings
were lifted in the early fall of 1958, and green root,
shoot and total weights were obtained for all treat-
ments. Samples were taken within each treatment.
They were oven dried, and a green-dry weight ratio
was determined. Green-weight growth for all species
was determined as the difference between initial
and final green weight. Shoot-root ratios were calculat-
ed for all species.

Photosynthesis Tests

To evaluate the effect of light and soil moisture on
the photosynthesis of forest tree seedlings, studies
having the following objectives were established:

1. To determine the effect of a range of light in-
tensities on the apparent photosynthetic rates of three
conifers and two hardwoods preconditioned at two
light intensities and at a soil moisture level close to
field capacity;

2. To determine the effect of a range of light in-
tensities on the apparent photosynthetic rates of one
conifer and one hardwood preconditioned at two light



intensities and two soil moisture levels; one close to
the field capacity, the other varying between near
wilting and the field capacity; and

3. To determine the compensation point, defined as
the light intensity at which photosynthesis equals
respiration, for three conifers and two hardwoods at
an average temperature of 79°F.

In the first study, photosynthetic rates of European
larch, eastern white pine, Norway spruce, dogwood
and hazel seedlings were determined at light intensi-
ties ranging from 200 to 10,000 footcandles. The plants
were preconditioned (grown) at 10 to 62 percent of
clear-day light and within an available soil moisture
range of 0.7 to 1.0 inch per foot (18 to 22 percent
by weight) from July through August. The observa-
tions were replicated four times.

Photosynthesis determinations were made in the
nursery with a mobile photosynthesis unit. The rates
of photosynthesis were determined by the NaOH
tower technique described by Chapman and Loomis
(1953). Five absorption towers were used. One was
used to measure atmospheric COs»; the others, to deter-
mine CO, absorption by four potted seedlings of the
same species exposed to different intensities of light.

During a photosynthesis run, the potted seedlings
were placed in shade frames covered with various
thicknesses of muslin so that light intensities ranging
from 200 to 10,000 footcandles were obtained. One
potted seedling was exposed to full sunlight, the other
three were placed in frames that reduced light in-
tensities to 30, 10 and 4 percent of clear-day light.
Because of the variability in light intensities resulting
from time changes and cloudiness, average light in-
tensities were obtained with a Weston illumination
meter during the hour run. Average temperatures also
were obtained at each potted seedling. An additional
check on the average light intensity was obtained
through the use of the Gunn-Bellani radiation inte-
grator (Shaw and McComb 1959). Seedlings were
shifted so that each had been used at a different
intensity of light by the time the four replications had
been completed.

To express photosynthesis on a per-unit basis, the
surface area and the weight of the leaves or needles
of each plant were determined at the end of the
tests. The surface area of the hardwood leaves was
obtained with a planimeter. The surface area of
needles was obtained by relating a sample of the
needle area of each species to weight and then con-
verting the weight of all of the needles to surface
area. The surface area of a single needle of each
species was obtained as follows:

1. Eastern white pine

a. Perimeter — 2 x radius + 27 radius.

5

b. Surface area = perimeter x length.

2. European larch

a. Surface area = length x width x 2.
3. Norway spruce

a. Surface area = length x width x 4.

In the second study, the photosynthetic rates of
eastern white pine and dogwood seedlings precondi-
tioned at 10 or 62 percent of clear-day light and at
0.7 to 1.0 inch per foot (18 to 22 percent by weight)
or 0.2 to 1.0 inch per foot (12 to 22 percent by weight)
of available soil moisture were determined at light in-
tensities ranging from 200 to 10,000 footcandles. Four
replicates were used. Seedling pretreatment, photo-
synthesis determinations and leaf area and weight
measurements were obtained as described for the
first study.

In the third study, the photosynthetic rates of
European larch, eastern white pine, Norway spruce,
dogwood and hazel, preconditioned at 62 percent of
clear-day light and within an available soil moisture
range of 0.7 to 1.0 inch per foot (18 to 22 percent by
weight) were determined at light intensities ranging
from 0 to 350 footcandles. Four replications were used.
The compensation point of each species at an average
temperature of 79°F. was determined at the point
where the regression line of CO. absorption on light
intensity crossed the abscissa—the light intensity at
which CO. uptake equals CO. evolution. Seedling
pretreatment, photosynthesis determinations, and leaf
area and weight measurements were obtained as de-
scribed for the first study.

RESULTS

Field Investigations
Practical Understory Treatments

None of the understory treatments appreciably in-
creased seedling survival or growth, although trends
were evident (tables 1 and 2). Inadequacy of under-
story treatments, presence of overstory competition
and insufficient experimental precision probably ac-
counted for the lack of significance.

Three-year seedling survival for all treatments
ranged from 10 to 21 percent, and differences were
not significant (table A-1, Appendix). Survival of all
species was reduced significantly during the second
growing season (table 1). Some of this mortality pre-
sumably was due to insufficient release from under-
story vegetation, but much of it undoubtedly was due
to overstory competition. In areas where understory
vegetation had been almost completely suppressed,
light intensity readings averaged no higher than 700
footcandles under the overstory canopy on a clear day
at noon. Three-year seedling height growth per plant,
as an average of all species, under burned, basal spray
and brush-beater treatments was approximately 12,
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Table 1. Seedling Survival Percentages of Five Conifers Under
Four Understory Treatments, Brayton Forest, lowa.

Species

Growing Understory Red FEuropean Scotch Norway Eastern

season treatment pine larch pine spruce white  Mean
pine

1956...Check ...... 3 30 31 66 73 41
BETL s 5 6 Sme 6 37 57 67 76 49
Beater .. ...23 50 56 74 77 56
Basal spray ..38 58 60 71 81 62
Mean . .18 44 51 70 by 52
1957.. .Check ... ... 0 4 12 22 44 16
Buxtii . csdowss 2 0 16 21 48 L7
Beater ...... 12 8 27 27 57 26
Basal spray . .27 10 29 18 62 29
Mean . .10 6 21 22 52 22
1958 ;. .Check . ..... 0 2 9 11 26 10
Bumn ... ... 1 0 9 12 34 11
Beater . ..... 9 3 20 22 46 20
Basal spray . .18 2, 29 10 54 21
Mean % 2 15 13 40 15
Table 2. Three-Year Seedling Height Growth per Plant in

Inches of Five Conifers Under Four Understory Treatments,
Brayton Forest, lowa.

Species
Understory Red Norway Eastern Scotch European Weighted
treatment pine spruce white pine pine larch mean
Check ...... 4.7 6.4 8.2 9. 6.4
Buth ....::: 50 4.8 7.8 10.0 8.6 7.2
Basal spray .. 5.3 5.5 7.8 10.5 12.5 7T
Beater N % | 6.0 8.5 11.1 8.4 8.1
Weighted mean 5.4 5.5 7.8 9.8 10.2 7.5

20 and 27 percent greater than on the check plots
(table 2). The differences, though small, help to
emphasize the need for more intense treatment of
understory and overstory vegetation.

The 2,4-D + 2,4,5-T foliage spray applied in mid-
August to half of each whole plot was ineffective be-
cause of the lateness of application. Earlier treatment
was not possible because of damage to growing coni-
fers by the brush killer spray. Arend (1955) found a
marked susceptibility for all conifers of determinate
growth habit before mid-August. These late treat-
ments did not reduce understory competition during
the critical May to July period.

Duncan’s mean range test (Duncan 1955) showed
the survival of eastern white pine to be significantly
greater than that of all other species (table 1). Three-
year height growth of individual plants of European
larch and Scotch pine averaged approximately 10
inches; eastern white pine, 8 inches; and, Norway
spruce and red pine, 5 inches (table 2). Subsequent
experiments conducted with European larch, eastern
white pine and Norway spruce under controlled con-
ditions at the State Forest Nursery indicate that these

growth rates were far below the potential of the
species. Thus, removal of additional competing vegeta-
tion would probably have resulted in greater average
height growth by all species.

Differences in diameter growth per plant among
species and treatments were not statistically signifi-
cant. Weighted mean diameter growth ranged from
0.05 to 0.07 of an inch. A comparison of the diameter
growth per plant at the Brayton Forest and State
Forest Nursery emphasizes again that the growth
rates were far below the potential of the species.

Controlled Understory Cuttings at Different
Overstory-Understory Densities

Third-year survival of all species grown in a moder-
ate overstory and a moderate-to-sparse understory, or
a moderate overstory and a sparse understory canopy
was 20 percent higher than with no overstory and a
dense understory (table 3). These differences, aver-
ages of all cutting treatments, were significant at the
l-percent level (table A-2, Appendix). Height growth
per plant, as an average of all species for the 3-year
period, was 11.5 inches for moderate overstory-moder-
ate to sparse understory, 10.3 inches for the moderate
overstory-sparse understory and 9.6 inches for the no
overstory-dense understory canopy (table 4). The rapid
sprouting and dense weed growth in the dense under-
story block reduced the effectiveness of the cutting
treatments. Shirley (1945) concluded that conifer seed-
ling development was controlled far more by the com-
petition of a dense understory than by competition of
an average overstory.

Survival and growth increased with intensity of
understory cutting. Third-year survival in the plots
with clearcut understory, where light averaged 71 per-
cent of clear-day light, was 20 to 26 percent greater
than in the plots with more understory growth and
light intensities of 33 to 14 percent (table 5). These
differences usually were significant at the l-percent
level. Height growth under 71, 33, 18 and 14 percent
of clear-day light was 14.6, 9.4, 7.8 and 7.9 inches.
Height growth increased with increasing light in-
tensity between 18 and 71 percent of clear-day light
(table 4).

Survival and growth of all species, except Norway

Table 3. Seedling Survival Percentages of Five Conifers Under Three Overstory-Understory Canopies, Average of All Understory
Cutting Treatments, Brayton Forest, lowa.
Overstory- Species
Growing understory Scotch Red Norway European Eastern
season canopy pine pine spruce larch white pine Mean
956 cvaoni v o5 ons NGRUA L L ol b oo 3 s o 5 il 43 56 84 75 56
Mo, msub 36 71 71 75 54
MOSUS ol o 5 e n 2amepns & 5hs 44 66 85 69 57
Mean 41 64 80 73 56
TOBT L o o oun ool N EoITs b (S Il § P 16 9 30 44 29
Mo, msu 20 29 50 72 37
Mo,su . 30 32 68 64 42
Mean 22 23 49 60 34
19580 s 5 s = g Nosda - o vo v a oo i e 200 9 1 17 29 12
Mo, msu 18 20 42 67 32
MIOSIL & 6 555 % 50 dnmirn & & 5.8 S 20 24 48 55 32
Mean . 16 15 36 50 25

« No overstory, dense understory.
b Moderate overstory, moderately sparse understory.
¢ Moderate overstory, sparse understory.
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Table 4.
and at Four Light Intensity Levels, Brayton Forest, lowa.

Three-Year Seedling Height Growth per Plant in Inches of Five Conifers Under Three Overstory-Understory Canopies

Overstory- Light- Species

understory percentage of Norway Red Eastern Scotch European Weighted

canopy clear-day light spruce pine white pine pine larch mean

No,du®. . . .. Tl - S R 4.7 5.6 10.8 5.6

18 ; 4.8 5.7 12.6 7.1

e N S 8.9 17.9 10.5

71 2, 9.2 9.3 11.5 14.9 23.6 14.6

Weighted mean . 4.2 3.9 7.6 7.2 18.2 9.6

Mo.su® VA s cvmnsnne . DB 4.8 8.9 10.0 14.7 9.1

18 uwvwss 4.1 5.4 7.0 7.6 15.7 8.6

B8  wwmos Y5 e g eueae e 6.6 6.5 5.6 6.9 15.7 9.6

71 T . 64 6.5 12.4 13.0 20.3 13.1

Weighted mean 5.7 5.8 8.4 9.3 16.5 10.3

Mo,msu¢ 122 A RN . 4.3 7.6 8.1 6.4 9.1 7.3

I om0 5 omsommmmssaso . 5.0 7.9 9.5 13.0 8.4

BB o rore B o 1 st e 5.8 7.8 6.5 8.7 13.4 78

712 T PR VS 7.5 10.4 16.4 15.5 20.7 15.5

Weighted mean 5.6 6.9 9.7 10.3 20.2 11.5

2 No overstory, dense understory.
b Moderate overstory, sparse understory.
¢ Moderate overstory, moderately sparse understory.

Table 5. Seedling Survival Percentages of Five Conifers at Four Light Intensity Levels, All Overstory Plots, Brayton Forest, lowa.
Species
Growing Light—percentage Scotch Red Norway European Eastern Mean
season of clear-day light pine pine spruce arc. white pine
1956 . 14 e % S 15 28 75 68 77 53
BB i o o o e 20 42 57 81 70 54
33 ol . IR 29 64 80 72 54
71 | PR S———— 23 71 62 91 72 74
Meatt vovisens e ) | 42 64 80 73 56
1957 14 R E s B 9 31 32 65 29
I8 | osuviis 8 11 17 42 52 26
33 ... . e 19 11 24 44 62 32
71 . e 20 57 19 80 68 49
Mean . .14 22 23 49 60 34
1958 14 . ; e e 4 iZ 23 20 54 22
18 6 2 10 27 37 16
B8 i w5 b 5 S 8 6 15 24 48 20
71 4 %o v iy NG 47 13 70 63 42
Mean 9 16 15 36 50 25
Table 6. Two-Year Seedling Diameter Growth per Plant in Inches of Five Conifers Under Three Overstory-Understory Canopies
and at Four Light Intensity Levels, Brayton Forest, lowa.
Overstory- Light—percentage Species
understory of clear-day Norway Red Eastern Scotch European Weighted
canopy light spruce pine white pine pine larch mean
Mo,su? .14 il s B o % e dhasbang OO0, 0.06 0.07 0.08 0.05 0.06
18 . S~ 0.04 0.04 0.06 0.12 0.04
BB " codems s v 4 ... 0.03 0.05 0.07 0.03 0.09 0.08
TL  sswwsgasis 58eras 0.10 0.11 0.20 0.17 0.20 0.18
Weighted mean 0.04 0.09 0.09 0.09 0.12 0.10
Mo,msu® T o i Bunses 0.01 0.07 0.06 0.03 0.04
18 0.04 0.07 0.10 0.08 0.09
OB Tl . 0.09 0.13 0.12 0.02 0.03 0.05
0 N 0.14 0.14 0.25 0.17 0.18 0.20
Weighted mean .. 0.05 0.11 0.15 0.12 0.13 0.12
No.du¢ 14 : 9% ; 0.06 sigse 0.12
18 : L "y o 0.04 0.05 0.02
B8 e - 0.17
71 w 0.14 0.13 0.18 0.19 0.27 0.20
Weighted mean 0.09 0.11 0.22 0.23 0.16

4 Moderate overstory, sparse understory.
b Moderate overstory, moderately sparse understory.
¢ No overstory, dense understory.

spruce, increased with light intensity from 33 to 71
percent of clear-day light, but, in general, differences
among the plants at the three lower light intensities
were not significant (tables 4, 5 and 6). These data
corroborate the findings of Kozlowski (1949), Oosting
and Kramer (1946) and Shirley (1945). The signifi-
‘ant species-light interaction probably is related to the
lower response of the more tolerant eastern white pine
and Norway spruce to a reduction in competition.
The less tolerant species usually give greater response
to release from competition (Baker 1951).

The increased survival and growth responses of all
species in this study over the practical treatment ex-
periment probably resulted from a more intensive
release of the conifers from overstory and understory
competition in many of the plots. However, growth

still was considerably below the potential shown in
the State Nursery experiments.

Soil temperature and available soil moisture levels
varied among the cutting treatments. The 3-year
average surface soil temperature of the plots receiv-
ing 71 percent of clear-day light was 4°F. greater
than that of the plots receiving 33, 18 and 14 percent
of clear-day light. Average soil temperature differ-
ences among the light intensity treatments varied no
more than 2°F. at the 3-inch soil depth. Differences in
available soil moisture averaged 1 inch per 3 feet of
soil depth among the plots for the 3-year period. Ob-
viously, seedling behavior must be considered the net
result of all interacting environmental and genetic
factors. However, the relatively moderate differences
among soil temperatures and moisture lend credence
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to the emphasis placed on light intensity as one of the

220 T T i T T T L) 1
controlling environmental factors.
200f e

Nursery Investigations . 7
Growth Test 2 180F 2 1

Average green-weight growth per plant increased & 160k i
with an increase in light intensity from 22 grams at |
480 footcandles to 58 grams at 3,490 footcandles to |40k J
86 grams at 7,120 footcandles (table 7). Growth diff- =
erences among light intensity levels were significant = i i
at the 1-percent probability level (table A-3, Appen- = =0
dix). Green weights of shoot and root growth in- K
creased approximately 140 and 155 percent from 480 = 100F i
to 3,490 footcandles and 46 and 32 percent from 3,490 o W
to 7,120 footcandles. Shoot-root ratio differences were u;J 80 i
small and not significant. |

Green-weight growth per plant was 10 percent & 601 :;;
greater at a soil moisture level close to field capacity e i
than at a level between near-wilting and the field o 40r 1
capacity. Shoot growth was 3.7 grams greater, and
root growth, 1.5 grams greater under the high soil 20r ]
moisture level. Shoot-root ratios decreased approxi- :
mately 12 percent with the increase in soil moisture. OO ; é l3 Z é é 7' 8 9
Growth differences between the two soil moisture LIGHT INTENSITY-1000 FOOTCANDLES
levels approached significance at the 5-percent prob-
ability level, but the moisture-light interaction was  Fig- 4. Two-year seedling green-weight growth per plant of

two hardwoods and three conifers at three light intensity levels,

insignificant. Insufficient experimental precision and
partial failure of plot irrigation dividers may account
for the lack of significance.

Differences among species in green-weight growth
were significant at the 1-percent probability level for
the 2-year period (fig. 4). European larch was 50,
139, 141 and 190 percent heavier than eastern white
pine, Norway spruce, hazel and dogwood. Eastern
white pine growth was significantly greater than the
growth of Norway spruce, hazel and dogwood. Differ-
ences among Norway spruce, hazel and dogwood were

State Forest Nursery, Ames, lowa.

not statistically significant. Differences among species-
light intensity interactions, significant at the 1-percent
probability level, were related generally to the marked
increase in response of the very intolerant European
larch to complete release from competition. Green
weight of European larch increased 470 percent from
480 to 7,120 footcandles; tolerant Norway spruce, 242
percent; and tolerant dogwood, 217 percent. Green
weight increases of eastern white pine, intermediate

Table 7. Two-Year Seedling Green-Weight Growth per Plant and Shoot-Root Ratios of Two Hardwoods and Three Conifers at
Three Light Intensity and Two Soil Moisture Levels, State Forest Nursery, Ames, lowa.

Available soil Species
Light intensity— moisture—inches per Norway Eastern European
footcandles 2 feet of depth Dogwood Hazel spruce white pine larch Mean
Total (grams)
480 .. 0.55 to 4.29 12.1 29.5 20.2 27.0 30.8 23.9
2.77 to 4.29 18.0 19.6 11.7 35.1 26.8 22.2
3,490 0.55 to 4.29 27.1 40.0 45.4 69.3 87.5 53.9
2.77 to 4.29 40.0 42.8 46.6 9.6 84.3 58.6
7,120 . 0.55 to 4.29 41.3 38.1 58.6 71.6 157.3 73.4
2.77 to 4.29 54.5 62.2 50.9 90.8 172.2 86.1
Shoot (grams)
480 . ... . 0.55 to 4.29 6.2 17.9 15.4 21.0 25.0 b k7 |
2.77 to 4.29 10.9 12.8 9.1 26.1 21.8 16.1
3,490 . 0.55 to 4.2 16.2 175 33.3 50.6 68.9 37.4
2.77 to 4.29 24.8 28.2 33.8 58.0 67.0 42.4
7,120 0.55 to 4.29 25.7 22.5 40.2 56.4 127.5 54.5
2.77 to 4.29 31.1 33.2 36.4 67.4 140.3 61.7
Root (grams)
480 0.55 to 4.29 5.9 11.6 4.8 6.0 5.8 6.8
2.77 to 4.29 7.1 6.8 2.6 9.0 5.0 6.1
3,490 0.55 to 4.29 10.9 22.3 12.1 18.7 18.6 16.5
2.77 to 4.29 15.2 14.6 12.8 21.2 17.3 16.2
7,120 0.55 to 4.29 15.5 15.6 18.4 15.2 29.8 18.9
2.77 to 4.29 23.5 29.0 14.5 23.4 31.9 24.4
Shoot-root ratio
480 . .. 0.55 to 4.29 1.05 1.54 3.21 3.50 4.31 2.52
2.77 to 4.29 1.54 1.83 3.50 2.90 4.36 2.64
3,490 0.55 to 4.29 1.49 0.79 2.75 2.70 3.70 2.26
2.77 to 4.29 1.63 1.93 2.64 2.73 3.87 2.62
{25 127 ) S N 0.55 to 4.29 1.66 1.44 2.18 3.70 4.27 2.88
2.77 to 4.29 1.32 1.14 2.51 2.88 4.40 2.53
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in tolerance, and intolerant hazel were inconsistent
with the tolerance concept; growth of the white pine
increased 160 percent, growth of hazel, 105 percent.

Two-year height growth per plant, as an average
of all species, increased 45 percent from 480 to 3,490
footcandles but decreased approximately 4 percent
from 3,490 to 7,120 footcandles. Mean maximum
height growth occurred at about 3,500 footcandles for
all species except European larch. Height growth of
the larch increased linearly to 7,120 footcandles. Aver-
age 2-year height growth for all species increased
from 16.8 inches at the lower soil moisture level to
19.0 inches at the higher level. Differences in 2-year
height growth between the two soil moisture levels
were most pronounced in the two hardwoods. Dog-
wood increased 21 percent and hazel, 16 percent, from
low to high moisture levels (table 8).

One-year seedling diameter growth, as an average
of all species, increased from 0.05 to 0.12 to 0.13 of
an inch at 480, 3,490 and 7,120 footcandles. Mean
maximum diameter growth occurred again at about
3,500 footcandles. One-year diameter growth differ-
ences between the two soil moisture levels were not
significant. Diameter growth per plant of European
larch was 9 percent greater than that of dogwood, 30
percent greater than hazel and 71 percent greater
than either eastern white pine or Norway spruce.

Soil temperatures and relative humidities varied
among treatments. The average surface soil tempera-
ture of the plot receiving 7,120 footcandles exceeded
the temperature of the plots under 3,490 and 480 foot-
candles by 5°F. in the 2-year period. Differences of
average soil temperatures among the light intensity
treatments varied by 4°F. at the 3-inch soil depth.
Two-year average differences in relative humidity
varied by 4 percent among the plots.

Photosynthesis Tests

Apparent photosynthesis of all species increased
with light intensity up to approximately 2,500 to 3,000
footcandles and then decreased with an increase in
light intensity from 3,000 to 10,000 footcandles (figs.
5 and 6). These results substantiate those found for
some hardwoods by Bormann (1953), Bourdeau
(1954), Decker (1954), Kozlowski (1949) and Polster
(1950). In contrast, the rates of photosynthesis of
some conifers have increased with light intensity up
to full sunlight (Decker, 1954; Kozlowski, 1949;
Kramer and Decker, 1944).

Table 8.

and Two Soil Moisture Levels, State Forest Nursery, Ames, lowa.

T T T T T T T T
g} —&— Mean - 10% preconditioning
—¥~ Mean - 62% preconditioning

MG CO, ABSORBED PER DMZ PER HOUR

X

2
0 | 2 3 4 5 € 7 8 9
LIGHT INTENSITY - 1000 FOOTCANDLES

1 1 1 i 1 i i ]

Fig. 5. Effect of light intensity on apparent photosynthesis
of European larch preconditioned at 10 and 62 percent of
clear-day light. Soil moisture level was near field capacity.

Photosynthesis of all species usually was higher and
the variance was greater in the plants preconditioned
at low light intensities (fig. 5). The difference in rates
between 10 and 62 percent of clear-day light pre-
conditioning was probably related to leaf structure
and previous carbohydrate accumulation. All plants
were grown under the same light and soil moisture
conditions until July to minimize the effect of leaf
structure on photosynthesis. However, additional
growth during the preconditioning period resulted in
the development of a few shade or sun leaves, espe-
cially in the hardwoods. The greater variance among
seedlings preconditioned at 10 percent light may have
resulted from a greater leat structure difference among

Two-Year Secedling Height Growth per Plant in Inches of Two Hardwoods and Three Conifers at Three Light Intensity

Available soil Species
Light intensity— moisture—inches Norway Eastern European

footcandles per 2 feet of depth spruce white pine larch Hazel Dogwood Mean
480 . 0.55 to 4.29 52 7.8 14.0 19. 18.9 13.0
2.77 to 4.29 6.0 7.5 13.2 18.3 24.2 13.8
3,490 0.55 to 4.29 6.3 10.6 21.9 23.2 33.3 19.1
2.77 to 4.29 7.7 9.9 19.3 22.8 40.7 20.1
7,120 . 0.55 to 4.29 1 9.5 24.3 16.6 33.8 18.3
2.77 to 4.29 71 11.1 29.6 27.4 39.2 22.8
Mean . 0.55 to 4.29 6.2 9.3 20.1 19.7 28.6 16.8
2.77 to 4.29 6.9 9.6 20.7 22.9 34.7 19.0
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Effect of light intensity on photosynthesis of hazel, dogwood, Norway spruce and eastern white
pine preconditioned at 10 and 62 percent of clear-day light. Soil moisture level was near field capacity.



the individual plants, the difference being caused by
a more drastic environmental change when seedlings
were transferred from the pre-July initial treatment to
the final preconditioning.

The rates of photosynthesis varied with species.
The mean maximum rate of hazel was 52, 68, 179 and
318 percent greater than the rates of European larch,
dogwood, Norway spruce and eastern white pine
(table 9). The effect of light intensity on the rates of
photosynthesis of all species preconditioned at two
light intensities and one soil moisture level is
shown in figs. 5 and 6. The wide variance and
intermingling of points around the curves indicate
trends but preclude exact statements. Considerable
difficulty was encountered in obtaining close corres-
pondence between replicate runs for a given species.
The apparent discrepancy in the photosynthesis and
growth response of European larch to light (figs. 4
and 5) may be related to the efficiency in the use of
manufactured food. Although light saturation for
photosynthesis was reached at approximately 3,000
footcandles, highly eflicient use of photosynthate may
have caused continued growth up to approximately
7,000 footcandles.

The effect of soil moisture level on photosynthesis
varied with preconditioning treatment and species.
Differences were inconsistent and not significant.
Kramer (1959) suggests the measurement of leaf
tissue moisture rather than soil moisture to avoid the
problems related to differences in leaf and soil mois-
ture tensions.

The compensation point of each species was deter-
mined as the point where the linear regression line
of CO. absorption on light intensity crossed the ab-
scissa. The compensation point of European larch was
estimated at 115 footcandles at an average tempera-
ture of 78.5°F. (fig. 7). The compensation points of
Norway spruce, dogwood, eastern white pine and
hazel were progressively greater, up to approximately
350 footcandles. Inasmuch as only European larch
and dogwood regressions were significant at the 1-
and 5-percent probability levels, the aforementioned
sequence merely indicates a trend. With the exception
of European larch, the ranking of tree species accord-
ing to their estimated compensation points conforms
to the tolerance classification used by foresters: in-
creased compensation point, decreased tolerance. The
greater photosynthetic efficiency at low light intensi-
ties in relation to the maximum rates attainable at
higher light may account in part for greater tolerance

(fig. 8).

Table 9. Mean Maximum Rates of Apparent Photosynthesis
in mg. CO, Absorbed per dm> per Hour for Each Species at

Three Light Intensities.

Light intensity—footcandles

Species 480 3,490 7,120 Mean
Hazel e CR S R 1] 8.2 6.8 6.7
European larcl we 25 5.6 5.2 4.4
Dogwood I S ] 4.8 3.6 4.0
Norway spruce ........ 2.2 3.0 2.1 2.4
Eastern white pine . . 1.6 2.2 1.0 1.6

MG CO, ABSORBED PER DM2? PER HOUR

-2 = Y -
1 1
0] 100 200
LIGHT INTENSITY - FOOTCANDLES

Fig. 7. Compensation point of European larch determined by the
light intensity at which the rate of respiration equals the rate of
photosynthesis.
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Fig. 8. Photosynthetic efficiency of three conifers and two hardwoods
at low light intensities in relation to the maximum rates attainable.
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DISCUSSION

All studies related to densities of understory-over-
story canopies and to intensities of understory treat-
ment, indicated the need for an intensive cutting of
both the understory and the overstory. Survival was
increased slightly by burning the understory, beating
with a brush beater or by basal spraying (table 1).
Height and diameter growth of seedlings at the Bray-
ton Forest was markedly less than growth on the
cultivated plots at the State Forest Nursery where
near optimum conditions of soil moisture and light
were maintained (table 10). A marked reduction in
survival was noted from the first to the second grow-
ing season at the Brayton Forest (tables 1 and 3).
This reduction probably was due in part to insuffi-
cient release from understory vegetation, but much of
it undoubtedly was due to overstory competition. The
average light intensity of 700 footcandles, measured
under the overstory canopy on a clear day at noon,
was far less than the approximately 3,500 footcandles
required for light saturation in the controlled tests at
the State Nursery. Complete removal of the overstory
and understory at the Brayton Forest effected a mark-
ed increase in survival, height and diameter growth
(tables 4, 5 and 6). However, the resulting release of
herbaceous cover inhibited maximum development
and resulted in soil moisture levels on cleared plots
that were not significantly different from those sub-
jected to less intense cutting. The relatively high
fertility of the Fayette silt loam prevents an immediate
cutting of all understory and overstory competition
unless some technique is used to prevent the profuse
growth of the herbaceous cover. Hawley and Smith
(1954) suggest a gradual cutting over a 2-year period,
that would be sufficiently intensive to insure seedling
establishment and yet provide enough shade and soil
moisture competition to hold the herbaceous cover in
check. We suggest, in addition, a thorough investiga-
tion of herbicides which could be used during the
critical May-July growth period, pre-conversion graz-
ing or contour furrowing at 8- to 10-foot intervals to
reduce weed growth.

Seedling damage by rabbits, deer and mice must
be given primary consideration in all stand conversion
programs. Animal damage was severe on plots that
had a dense shrub or herbaceous undergrowth, or

Table 10. One-Year Height and Diameter Growth in Inches
of Seediings at the Brayton Forest as Compared With Growth
on the Plots at the State Forest Nursery Where Near Optimum
Conditions of Soil Moisture and Light Were Maintained.

Species
Norway Eastern FEuropean Mean
spruce white pine larch

Experimental area
Height growth:

Brayton Forest, mean of all plots 1.8 2.6 3.4 2.6
Brayvton Forest, 71% clear-

day light plot mean .......... 2.6 4.5 7.2 4.8
State NUISGEY iy v s nnsiwass . 3.6 5.2 13.5 8.8
Diameter growth:
Brayton Forest, mean of all plots .. 0.02 .02 0.02
Brayton Forest, 71% clear-

day light plot mean ...... .. .. 0.02 0.06 0.07 0.05
State Nursery . = o ks ... 0.10 0.10 0.17 0.12
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both. The damage decreased with an increase in the
removal of understory shrubs and weeds; thus, the
removal of understory shrubs and herbaceous vegeta-
tion would be a desirable adjunct to the use of re-
pellents and poisons.

Recommendations regarding the need for control
of competition have been based primarily on the re-
sults of applied experiments. A more fundamental
evaluation of the specific light and soil moisture re-
quirements of underplanted seedlings was attempted
in studies at the Brayton Forest and at the State
Forest Nursery. Survival of all species except Norway
spruce increased with treatments that increased the
light intensity from 33 to 71 percent of clear-day light
at the Brayton Forest (table 5). Height growth of all
species and diameter growth of all species except
Norway spruce increased with light intensity from 18
to 71 percent of clear-day light (tables 4 and 6).
Maximum height and diameter growth of all species
except European larch was attained at approximately
3,500 footcandles at the State Forest Nursery (table
8).
The greater seedling growth response at the State
Nursery over that at the Brayton Forest at similar
light intensities probably can be attributed to differ-
ences in soil moisture and fertility levels. The 71-
percent intensity of clear-day light at the Brayton
Forest was actually equivalent to 5,381 footcandles,
or nearly 2,000 footcandles more than the optimum
light intensity in the nursery experiments; yet, lower
growth response was obtained at the Brayton Forest.
It is assumed that the release cutting necessary to
give 71 percent of clear-day light at the forest did not
increase water and fertility levels to those found at
the State Nursery. The differences in rates of seedling
height and diameter growth at the Brayton Forest and
at the State Nursery suggest the need for an even
more intensive treatment of the competing vegetation
than the maximum used in the forest (table 10). The
differences, although in part a result of side shade
from the overstory of adjacent plots, are primarily a
result of competition from sprouting shrubs and her-
baceous vegetation. Once again, the necessity of com-
promising between complete removal of competing
vegetation and partial removal to minimize sprout-
ing and weed growth is evident. If no compromise is
made, chemicals specific for sprouts and weeds during
the critical May-July growth period, pre-grazing or
contour furrowing must be used.

The rate of growth in the nursery experiments of all
species except European larch was far more rapid
with an increase in light from 480 to 3,490 footcandles
than from 3,490 to 7,120 footcandles. The increased,
but not quite significant, response of all species ex-
cept Norway spruce to higher moisture levels at all
light intensities (table 7) suggests that both moisture
and light affect seedling establishment and growth,
especially in view of the insufficient experimental pre-
cision and partial failure of the irrigation dividers.



Even though increased survival, height and diameter
growth, and green-weight growth result from increas-
ed light intensities, maximum growth responses usual-
ly are attained in the forest where competition for both
light and soil moisture is reduced. Korstian and Bilan
(1957) obtained similar results in studies conducted
with loblolly pine in North Carolina. Maximum de-
velopment of the seedlings used in underplanting at
the Brayton Forest should be reached if all understory
and overstory competing vegetation is removed as
rapidly as is consistent with the problems of excessive
herbaceous growth and sprouting. The marked in-
crease in green-weight root growth with an increase
of light from 480 to 3,490 footcandles (table 7) is
significant in terms of the greater root-absorbing sur-
face of the seedlings grown at the higher light in-
tensity. The greater total weight of seedlings at the
lower moisture level under 3,490 and 7,120 footcandles
of light, as compared with total weig