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ABSTRACT .--Opt i_um light levels for shelterwood

3t cuttingto developthe largeadvanceregeneration

_¢_i that _aks require were investigated using eight
Saran shade-cloth treatments. Seedlings of
northern red oak, black oak, black cherry and red

) maple were grown under these light treatments for 2

years. Height and diameter were measured annually,
e,'t and samples were harvested for dry weight and leaf
9t0 area determination. All of the species grew the

least at the lowest light level. Height and

)nl diameter growth for seedlings of black cherry, red
e maple, northern red oak, and black oak all reached a

I', plateau at from 20% to 94% light. Second-year

alc height and diameter (Y) responses to light level (X)
were best described by I/Y=bo+b](I/X). Species

ilg rankings at all light levels_we_e black cherry,

r- northern red oak, black oak, and red maple (largest
to smallest height and diameter). Root/shoot ratios

werenot affectedby lightlevelsduringthefirst
year. During the second year, root/shoot ratios

weresignificantlyaffectedonlyfor blackcherry,
buta linearresponseto increasinglightwas
evidentfortheotherspecies

al.1976,1984).Of thenumerousenvironmentaland
INTRODUCTION bioticfactorsthat affectthe developmentof

advancedregeneration,lightisone of themost

important.Initialgerminationand growthof oak
Successful regeneration of the mixed oak forest seedlings are often not limited by the low light

type requires an adequate number of large stems of levels found under hardwood canopies, but many
advance regeneration in the understory before the seedlings fail to survive at these low light levels

overstory is harvested (Sander 1972, 1977; Sander et once cotyledonary reserves are exhausted (Tryon and
Carvell 1958, Carvell and Tryon 1961). Increased

light levels have resulted in increased height
growth and usually in more root development and

IA paper presented at the Fifth Central Hardwood increased root/shoot ratios (McGee 1968, Musselman
Forest Conference held at Urbana, Illinois on April and Gathe_am 1969, Phares 1971, Jarvis 1964, Loach

15-17, 1985. 1970).

2Research Forester, USDA Forest Service, Shelterwood cutting should allow oak advance

Northeastern Forest Experiment Station, P. O. Box regeneration to grow large enough to survive after

4360, Morgantown, WV 26505. This research was done harvest. Identifying an optimal range of light
while the author was located at the Forestry levels for establishment and growth of oak

Sciences Laboratory, Warren, PA. regeneration will help to determine what level of
overstory density should be retained in the overwood

3The use of trade, firm, or corporation names in of the shelterwood system. On many good sites in

this publication is for the information and the Allegheny Plateau region, harvested mixed oak

In his of transition veryconvenience of the reader. Such use does not stands are being regenerated to red maple orconstitute an official endorsement or approval by cherry-maple, t area ,
the U.S. Department of Agriculture or the Forest little large oak advance regeneration is present in
Service of any product or service to the exclusion the stands. For oak to be successful on these

of others that may be suitable, sites, it must be able to compete with these other



species. Therefore, the two major competitors of planimeter. The shade-cloth tents were taken down

oaks on these transition sites (red maple and black in November after leaf-fall was complete.
cherry) were included in the study.

The shade-cloth tents were erected again in

April 1982 before budbreak. In late September-early
October 1982, the height and diameter of all

METHODS seedlings were measured. Since some black cherry
seedlings had reached the top of the tents, the

study was terminated. All of the seedlings were

harvested in the same way as in the first year,
Field and Laboratory except that branches were partitioned into a

separate category and leaf area was measured with a
LiCor Leaf Area Meter.

Twenty-four 8-foot-square plots were each
covered with one of eight Saran shade-cloth screen

treatments, providing three replications of each

treatment. The screen tents were 6 feet tall, were Data Analysis
covered on all four sides and the top, and
transmitted 94%, 70%, 45%, 37%, 27%, 20%, and 8% of

full sunlight. The plots were located inside a The study design was a split plot with
fenced field behind the Forestry Sciences Laboratory randomized blocks. However, the differences in the

at Warren, PA. The area is an abandoned means between species were large, and the variances

agricultural site on the flood plain of the were heterogeneous. The data were analyzed by
Allegheny River. The plots were not watered nor species. Height, diameter, and root/shoot ratio

fertilized. There were no major differences in soil were averaged for each plot and the plot averages
moisture under the different shading treatments used in analysis of covariance, with initial
because there was frequent and abundant rainfall seedling height and diameter as covariates. If the

during the two growing seasons. The 8% treatment analysis of covariance showed that the covariate was

did have a higher soil moisture content, and algae significant and there were significant differences

and moss grew abundantly on the soil surface of attributable to levels of light, treatment means

those plots. Each plot was rototilled before were adjusted by the covariate and Tukey's HSD

planting and an aluminum flashing border, buried to procedure was used to separate the adjusted means.
a 6" depth, was installed to prevent rodent damage. If the covariate was not significant and there were
Half-sib seeds from one tree each of northern red statistically significant differences attributable

oak, black oak, and black cherry were sown in to levels of light, the statistical analysis was
November 1980. Red maple half-sib seeds from one redone without the covariate. The actual means were

tree were collected and sown in June 1981. Each then separated using Tukey's HSD procedure. The

species was planted in row plots of five points with 0.05 level of probability was accepted as
1 foot spacing between and within rows (4'x5'). significant.

Northern red oak, black oak, and black cherry seed

germinated in May and grew unshaded until June More detailed analyses were done on the
15-17, 1981, when the shade-cloth tents were second-year data. Since the seedlings in the 8%
erected. Initial measurements of height, diameter treatment grew less than those in the other

at 2 cm above ground, and number of leaves were treatments, the hypothesis that the other seven

taken as soon as the shade-cloth tents were treatment effects were the same was tested using a
erected. Red maple seed did not germinate until series of six contrasts. Also nine models were

after the tents were installed, so no initial fitted to the data using least squares regression in

measurements could be taken on them. Three seeds an effort to describe the relationships between
were sown at each point. Seedlings were thinned to seedling growth and light level (X). The models

one per point when the tents were installed. Red that were fitted for Y= second-year height,
maple seeds germinated in mid- to late June and diameter, and root/shoot ratio are:

seedlings were thinned to one per point in early

July. No mortality occurred in black cherry and (I) Y=b0+bl X
northern red oak the first year, but one black oak

seedling and I0 red maple seedlings died (no more (2) Y=b0+bl(I/X)
than two seedlings from any one treatment plot).

During the second year, one additional black oak (3) Y=b0+blX+b2X2
seedling and three additional red maple seedlings

died. (4) In Yfb0+bl X2

In mid-October 1981, the height and diameter of (5) In Y=b0+bl X
all seedlings were measured. In addition, one

seedling from each species-light-replication (6) In Y=b0+bl(In X)
combination was randomly selected for harvest.

These seedlings were excavated by hand to recover as (7) In Y=b0+bl(In X)+b2X
many roots as possible. The harvested seedlings

were partitioned into stem, leaves, and roots, dried (8) 1/Y=b0+bl(1/X)
at 75 C, and weighed to the nearest 0.001 g. The

leaves were photocopied before they were dried, and (9) ¥ffib0+bi(In X)
leaf areas were measured with an integrating
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ROOT/SHOOT RATIO.--First year RSR was not affected

by shading (Table l). Black cherry and red maple
seedlings maintained an overall balance between the

RESULTS dry weights of their above- and below-ground

portions, while northern red oak and black oak

maintained about twice as much dry weight in their
roots as in their shoots (Table 3).

First Year

HEIGHT.--First-year height was not affected by Second Year
shading (Tables i, 2). Red oak and black oak had

completed most of their height growth before the

shading treatments were applied. Red maple HEIGHT.--There were significant differences in
seedlings grew under the shading treatments, but seedling height during the second year for all four

because of their late germination, small growth, and species (Table I). Northern red oak and black oak

large variation, they did not show any significant had significant differences between the smallest

differences° However, red maple seedlings in the heights (8%) and largest heights (20%); black oak
8% treatment were half the size of those in the had no other differences but red oak did (Table 4).

other treatments_ Black cherry, an indeterminate Black cherry and red maple also had significant
species, was the tallest species at the end of the differences between the smallest heights (8%) and

first year, because it continued to grow after the the largest heights (37% and 57%) (Table 4). The
treatments were installed. The light level contrasts between pairs of the 20% to 94% treatments

treatment effect for black cherry failed to meet the showed that for red maple and black cherry there

probability criterion for significance by only were no significant differences between these seven
0.003, so differences in first-year height were treatments. However, northern red oak and black oak
almost significant. Seedlings in the 8% treatment had several significant differences, so their

were considerably shorter than those in the other second-year height was affected more by these
treatments, treatments than that of red maple and black cherry.

Conversely, when models were fitted to all eight

DIAMETER.--However, first-year diameter growth did treatments, model 8 best described the seedling

respond to the shading treatments. First-year heights of all four species (Table 5). Model 8,
diameter of all four species had a significant which fits a hyperbolic curve, described only a

response to shading (Table I). Seedlings in the 8% small portion of the total variation in three of the
treatment had the smallest diameters and there were species and 58% of the variation for red maple.

no significant differences between the other
treatments (Table 2). DIAMETER.--As in the first year, second-year

diameter was significantly affected by shading for
all four species (Table I). Seedlings in the 8%

TABLE l.--Analysis of covariance (or variance) for height, diameter and root/shoot ratio (RSR) of

seedlings of four tree species grown under different light levels.

First year ...... Second year
Species Source of

var iat ion Height Diameter RSR He ight Diameter RSR

Red maple Light lev_l ns a * ns * ** ns
Covar iate ......

Red oak Light level ns * ns ** ** ns
Covar iate ns ns - ns ns -

Black oak Light level * ** ns * * ns
Covar iate ** ** - ns ns -

Black cherry Light level ns * ns * * **
Covar iate * ns - ns ns -

a
ns --Not significant at 0.05 level.

* = Significant at 0.05 level.

** = Significant at 0.01 level.

bCovariate is either initial height or diameter of seedlings. Initial height and diameter were not measured

on red maple since it germinated under the shading treatments.
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TABLE 2.--Height (cm) and diameter (cm) of seedlings of four tree species after one growing season under
different light levels.

,,, ,R,ed _P_.l.e ......... Red oak Black oak Black cherry
Light

level Height Diameter Height Diameter Height Diameter Height Diameter

8a 2.8b 0.08b c 18.0 0.33b ll.8a d 0.23b d 18.4 0.25b

20 4.8 0.12ab 24.3 0.3 9ab 15.6a 0.28ab 40.0 0.41ab
27 5.4 0.14ab 18.0 0.3 8ab 13.0a 0.3 lab 33.7 0.38ab

37 6.0 0.15ab 18.6 0.42ab 14.3a 0.32a 41.5 0.45ab

45 7.0 0.13ab 14.4 0.3Tab 13.2a 0.2 9ab 38.9 0.43ab
57 7.2 0.18a 16.0 0.37ab 11.0a 0.28ab 29.7 0.41ab

70 5.1 0.14ab 19.3 0.45a 11. la 0.3 0ab 53.4 0.57a

94 7.3 0.16a 16.1 0.36ab 10.0a 0.28ab 41.8 0.4 9ab
Overall

mean 5.7 0.14 18.1 0.38 12.5 0.29 37.2 0.42

apercentage of full sunlight.

bMeans in columns without letters have no significant differences.

CMeans within a column followed by the same letter were not significantly different at 0.05 level according
Tukey's HSD test.

dMeans in this column were adjusted by analysis of covariance using initial seedling height or diameter as a

covariate. Means within this column followed by the same letter were not significantly different at 0.05
level according to Tukey's HSD test.

TABLE 3.--Root/shoot ratio (RSR) of seedlings of four tree species grown under different light levels.

Red maple Red oak Black oak Black cherry
Light

level First Second First Second First Second First Second

year year year year year year year year

8a 1.13h 0.64 1.24 0.86 1.09 1.12 0.77 0.50b c
20 0.99 0.75 1.47 0.50 1.28 0.93 0.98 0.61b

27 0.74 0.84 1.11 0.85 1.94 1.16 0.80 0.63ab
37 0.58 0.94 1.90 1.06 2.17 1.24 1.01 0.7lab
45 1.66 0.74 1.83 0.91 2.05 1.26 1.32 0.74ab
57 0.86 1.00 1.54 1.32 2.84 1.72 1.36 0.93a

70 0.79 1.11 1.74 1.09 2.80 1.53 1.02 0.75ab
94 1.22 1.13 2.95 1.28 2.76 1.73 1.10 0.78ab

Overall

mean 1.00 0.89 1.72 0.98 2.12 1.33 1.04 0.70

apercentage of full sunlight.

bMeans in columns without letters have no significant differences.

CMeans within a column followed by the same letter were not significantly different at 0.05 level according
Tukey's HSD test.
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TABLE 4.--_eight (cm) and diameter (cm) of seedlings of four tree species after two growing seasons
under different light levels.

Red maple ...... Red oak Black oak Black cherry
Light

level Height Diameter Height Diameter Height Diameter Height Diameter

8 a 9.3b b 0.17b 37.0c 0.41b 21.3b 0.28b 57.7b 0.47b
20 26.3ab 0.32ab 78.7a 0.78a 38.3a 0.50ab 105.7ab 0.95ab
27 28.7ab 0.33ab 62.0abc 0.81a 37.3ab 0.56ab 114.3ab 1.0lab
37 25.0ab 0.33ab 69.7ab 0.86a 35.0ab 0.62a 133.0a 1.19ab
45 27.0ab 0.25ab 55.7abc 0.70ab 24.3ab 0.48ab l18.Tab 1.13ab
57 33.7a 0.42a 45.3bc 0.68ab 31.7ab 0.56ab 81.0ab 0.87ab
70 22.7ab 0.32ab 64.7abc 0.81a 2 9.3ab 0.63a 123.7ab 1.39a

94 24.0ab 0.44a 58.7 ab c 0.74a 31.0ab 0.6 la 100.0ab 1.07 ab
............. Over aII

mean 24.6 0.32 59.0 0.72 31.0 0.53 104.2 1.01

apercentage of full sunlight.

bHeans within a column followed by the same letter were not significantly different at 0.05 level according
to Tukey's HaD test

treatment had the smallest diameters and there were response may be the tolerance of the species

no significant differences between the other involved (Loach 1967, 1970). The more tolerant
treatments (Table 4). The contrasts between pairs species are more likely to increase in height or to
of the 20% to 94% treatments for all four species exhibit nonsignificant shade effects. Species

confirmed that these treatments had no differences, intermediate in tolerance are more likely to follow
so the 8% treatment was providing most of the the maximum or peak response at intermediate light
treatment-effect significance in the analysis of levels or plateau levels. Finally, the intolerant

variance. Because of this, fitting curves to all species are more likely to show a decrease in height
eight treatments resulted in a hyperbolic curve, as with increasing shade. Species used in this study

given by model 8, which explained about half of the were primarily intermediate in tolerance, so the
variation present (Table 5). height patterns found were similar to those of other

intermediate-tolerance species.
ROOT/SHOOT RATIO.--Second-year RSR was significantly

affected by shading only for black cherry (Tables 1, When diameter growth is considered, there is a

3). Lower light levels tended to decrease RSR in consensus: diameter growth decreases with increasing
the other species, as evidenced by the linear model shade (Kappel and Flore 1983, Gatherum et al. 1963,

that provided the best fit to the data (Table 5). Stutz and Frey 1980, Reed et al. 1983). Diameter
Black cherry was best described by a hyperbolic growth is considered more sensitive to stress and

curve that implies a response plateau at higher limiting factors than height growth. It is also

light levels. RSR decreased from the first to the sensitive to photosynthate supply. For these
second year, but the oaks still partitioned more dry reasons, diameter growth is limited as shading

weight into their root systems than black cherry and decreases the photosynthates available for growth.

red maple did. The small diameter growth at 8% light is probably a
result of decreased photosynthate supply at this low

light level.

DISCUSSION RSR commonly decreases with increasing shade

(Loach 1970, Phares 1971, Musselman and Gatherum
1969, Jarvis 1964). This result is generally a

The literature on the effects of shading on redistribution of dry weight from roots to leaves,

height growth of tree seedlings is inconclusive--in which is probably an adaptation to maximize light

some cases height growth decreases with increasing interception under low light conditions.
shade (Jarvis 1964, Yakshina 1978, Stutz and Frey
1980, Reed et al. 1983, NcCee 1968, Ashby 1976), in The interpretation of these results requires a

some cases it increases (Musselman and Gatherum little caution. The uniform shade provided under

1969, Shirley 1929a), in some cases there was no these shade-cloth tents is a poor representation of
effect (Kappel and Flore 1983, McGee 1975, Farmer the light levels in shelterwoods because of the

1975), and in some cases there was a peak at sunflecks and other irregularities in the quantity

intermediate light levels with decreases in both and quality of light reaching the understory.

directions (Phares 1971, Gatherum et al. 1963, Marquis (1973)grew black cherry seedlings under
Withers 1979, Blair 1982, Shirley 1929b). One of similar shade-cloth tents and found a hyperbolic

the major reasons there is so much variation in light response curve that is almost exactly the same
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TABLE 5.--Relationships of light level treatments to seedling growth characteristics of

four tree species after two growing seasons under different light level treatments.

Model

Specie s parameters He ight D iamet er RSR a

Red map le Model b 8 8 1

R2 0.58 0.55 0.33

b0 ' 0.023 **c 2.2 9** 0.6 4**

b I ' 0.706** 31.95** 0.006**

Red oak Model 8 8 1

R2 0.19 0.54 0.28

b0 ' 0.016** I. 13"* 0.66"*

b I ' 0.072* 9.45** 0.007**

Black oak Model 8 8 1

R2 0.12 0.53 0.38

b0 ' 0 •030"* 1.44** 0.92**

b I' 0.13 2* 16.96** 0.00 9**

Black cherry Model 8 8 8

R2 0.16 0.50 0.50

b O' 0.00 9** 0.75** 1.22**

' 0.062* 10.46"* 7 10"*b 1

aRSR = root/shoot rat io.

bMode_ = number of _odel equation in text.R = adjusted R value of the regression.
!

b0, = estimate of intercept parameter of model.
bI = estimate of slope parameter of model.

Csignificance of parameter estimates.
• = significant at 0.05 probability level.

•* = significant at 0.01 probability level.

as my curve for black cherry. However, he also 10% of the light available in uncut stands should
measured natural seedlings in the field under result in increased growth of the seedlings present
different light levels and found a different in the stand. Although there were few differences

curve--an exponential curve where black cherry between 20% and 94% light, the general trend toward

seedling height increased exponentially with an increase in root growth at higher light levels

increasing light levels up to full sunlight. The supports maintaining as high a light level as
following conclusion can be drawn from these possible without greatly reducing the benefits of

results: seedlings of all four species grow poorly shelterwood cutting or increasing the growth of

under 8% light (similar to uncut stands); increasing woody and herbaceous competitors. Since cutting 40%
light to levels above 20% will increase seedling of the stand basal area would increase light to only
growth. 20% of full light, cutting 60% of the stand basal

area would increase light to only 38%, and cutting

This conclusion supports the use of the 80% of the stand basal area would increase light to

shelterwood system in regenerating northern red oak, only 64% of full light, the practical light range

black oak, red maple, and black cherry. Shelterwood for shelterwoods is 20% to 60% of full sunlight
cutting which increases light levels above the 5% to (Marquis 1973). The use of shelterwood cutting to
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