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ABSTRACT. Control of understory vege-
tation has frequently been suggested as a
method of increasing overstory growth by
reducing competition for soil moisture,
However, past studies have given con-
flicting results: some show marked in-
creases in growth rale resulting from un-
derstory removal, while others show no ef-
fect. Results of understory removal in an
oak-dominated, mixed-species hardwood
stand in central Massachusetts showed no
growth increase compared fo control plots,
even over 13 growing seasons. Most other
southern New England studies found no
response on a variety of glacial fll soils
with & wide range in soil-moisture-holding
capacity. Understory removal does not ap-
pear to be a useful technigue to increase
growth in hardwood stands on glacial till
soils in the Northeast, apparently because
soil moisture is not usually limifing fo tree
growth on these sites. Results are com-
pared with those from other regions in the
enstern United States.

North. [. Appl. For, 4:162-164, Sept. 1987.

Forest stands often contain large
numbers of understory trees and
shrubs, particularly following thin-
nings that create temporary gaps in
the overstory canopy. Removal of this
understory vegetation has been sug-
gested and repeatedly tested as a
means of increasing growth rates of
overstory trees. Because this vegeta-
tion does not compete with overstory
trees for crown space, its removal in-
creases overstory growth only insofar
as it reduces root competition for
water and nufrients (Smith 1962, Dale
1975). Direct measurements of soil
moisture in stands of pine (Zahner
1958) and hardwoods {Johnson and
Kovner 1956) have shown that re-
moval of understory vegetation in-
creases the water available to the
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overstory. Some studies clearly show
an overstory growth response, partic-
ularly in southern pine stands (e.g.,

Bower and Ferguson 1968, Grano .

1970). However, on sites where mois-
ture is not a limiting factor to growth,
a growth response would not be ex-
pected to occur even with increased
water supplies. And indeed, no mea-
surable growth increase occurred in
other studies (e.g., Lotti et al. 1960,
Karnig and Stout 1969).

Variation in both soil characteristics
and climatic factors associated with
water balance would be expected to
control the range of conditions in
which overstory growth response
would occur. In the eastern half of the
United States, climatic factors vary in
broad geographic gradients: precipita-
tion decreases from coastal areas
northward and westward, while tem-
perature increases from north to
south. Upon these gradients is super-
imposed a relatively fine-scale varia-
tion in soil texture and depth.

Most studies documenting response
to understory removal give results
from a single site, and many give little
information on site conditions of the
study area. Failure to consider the dif-
ference in responses found on a range
of sites may lead to unwarranted gen-
eralizations concerning the effective-
ness of treatments. It is our observa-
tion that many foresters simply as-
sume that an overstory growth
response will occur, since it is logical
to assume that a reduction in competi-
tion will occur.

This study reports the 13-year
growth responses to understory re-
moval in a mixed-species hardwood
stand in Massachusetts, and compares
results to those of similar studies in
the eastern United States to assess the
range of conditions in which treat-
ments are likely to have effects on
overstory growth rates,

STUDY SITE AND METHODS

The study site, on the Harvard
Forest in central Massachusetts, lies
on the northwest-facing slope of a
drumleidal hill at an elevation of 1100
{t. Precipitation averages 44 in/yr,
evenly distributed through the year,
The soil is a podzolic stony loam de-

veloped in thick glacial till, and con-
tains a hardpan at a depth of 20 to 30
in {(Lyford et al. 1963). This compacted
layer impedes internal drainage and
improves soil moisture conditions for
the growth of many hardwood
species.

The study stand was 40 years old
when understory treatments were ap-
plied in 1956, It had regenerated fol-
lowing clearcutting of an old-field
stand of white pine. A light crown
thinning had been made in 1935, at
stand age 20, to release selected crop
trees. This thinning also favored the
survival and growth of understory
trees. The stand was densely stocked
with a closed overstory crown canopy
at the time the experiment was begun.

Within the study stand, 48 contig-

“uous plots were laid out, each 2500 ft*

in area. On a block of 24 of these plots,
all understory trees and shrubs were
cut in May 1956 and removed from the
study area. Understory trees were de-
fined as all those completely over-
topped by adjoining trees, plus those
with tops of crowns below the mid-
point of the live crowns of adjoining
overstory trees. Removing these trees,
then, did not increase the crown space
available for residual trees. In 1956
and 1958, herbicide applications elimi-
nated all seedlings and sprouts from
cut stumps on these plots. The re-
maining 24 plots were left untreated to
serve as controls. No overstory trees
were cut in any of the 48 plots.

For all 48 plots, trees 2 in and
greater in dbh were mapped, and di-
ameters were measured prior to treat-
ment in 1956, Additionally, a tally was
made of numbers of trees less than 2
in dbh, but taller than 4.5 ft. Measure-
ments were repeated in 1960, 1966,
and 1969. For each measurement pe-
riod, gross growth in basal area (ft%/ac/
yr) was calculated for all trees defined
as “overstory” at the beginning of the
experiment,

RESULTS

Stand conditions at the beginning of
the experiment are given in Table 1.
The overstory was dominated by
northern red oak and paper birch,
with these species comprising 80% of
basal area. Red maple and whife ash
were also important overstory species,
with 13 other species occurring in
small numbers. Little difference ex-
isted between the treated and control
plots in initial composition or density.
The control plot had slightly greater
average basal area (i-test, not signifi-
cant at P = 0.05) and somewhat less
northern red cak and more paper
birch. Important understory species
included white pine, red maple, white
ash, black birch, and paper birch. The
understory comprised about 25% of
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Table 1. Stand conditions in 1956 (stand age of 40} at beginning of experiment. Each
number represents the average of 24 plots.

Control Treated
Basal area Density Basal area Density
(ft¥/ac) (stems/ac) (ft2fac) (stems/ac)

Overstory

Red oak 34.8 148 43.6 189

Paper birch 18.7 144 11.3 65

Red maple 3.5 43 4.8 59

White ash 6.1 75 4.4 49

Total 70.6 468 68.0 398
Understory2

>2 in dbh 20.0 430 < <

<2 in dbh 7.40 1525 € ¢

2 See definition in text,

b Estimated by assuming average dbh of 1 in for understory less than 2 in dbh,

¢ Eliminated by treatment.

total stand basal area and 81% of total
numbers of stems. -

The herbicide treatments that fol-
lowed cutting successfully eliminated
sprouts, so that regrowth of a woody
understory was prevented. Thus, the
treated plots facked understories for
the entire 13-year study period.

Gross basal area growth of the over-
story is shown in Table 2 for each
measurement period. Treated plots
showed no growth increase over con-
trols for any measurement period. In-
deed, the control plots grew at a con-
sistently higher rate than treated plots
{t-test, P <2 0.05) for each period and
for the total 13-year interval, although
this difference was small (12% differ-
ence for the total interval).

Overstory mortality was low in both
areas (Table 2), so that net growth re-
flects the slightly greater gross growth
of the control plots.

DISCUSSION
Northeastern Region

This study is one of a series con-
ducted at the Harvard Forest in central
Massachusetts and the Black Rock
Forest in eastern New York that exam-
ined effects of understory vegetation
on growth of overstory trees. These
provide comparisons of overstory re-
sponse to understory removal occur-
ring on different sites within a single

Table 2. Average annual basal area
growth and mortality (ft¥ac/yr) of over-
story in treated and control areas (n =
24 plots for each) on Harvard Forest.
Standard errors given in parentheses.

Control Treated

Gross growth

1956-60 2.88 {.10) 2.54 (.09)*

1961-66 2.80 {.10) 2.51 (.08)*

196769 2.54 (.10) 2.22 (.09)*

Total (13 yr} 2.77 (.09 2.45 (.08)*
Mortality

Total (12 yr} 0.28 0.37
Net growth

Total (13 yn) 2.49 2.08

Note: *= significant difference at P = 0.05 level.

climatic region (Black Rock Forest is
120 miles southwest of Harvatd Forest
and averages 41 infyr precipitation
compared to 44 at Harvard Forest.) All
of these studies concern mixed-hard-
wood stands in which northern red
oak is the principal species.

The present study showed that no
increase in overstory growth occurred
following removal of understory trees
and shrubs on stony loam soils con-
taining a hardpan. Another study at
Harvard Forest (Kelty 1984) examined
the growth of untreated stands on
stony, fine sandy loam soils that
lacked a well-developed hardpan and
therefore had lower moisture storage

than the above site. That study com-.

pared a stand that contained a dense
hemlock understory with an adjacent
stand lacking a dense understory, and
found that overstory growth was sim-
ilar, regardless of the presence of the
understory.

Similar results were obtained in a
Black Rock Forest study (Karnig and
Stout 1969), where the understory was
removed in part of a heavily thinned
oak stand; basal area growth of indi-
vidual oaks was similar for trees in
{reated and control areas. This oc-
curred on a clay loam scil, even
during years of relative drought:
during 3 of the 4 years of measure-
ment, growing-season precipitation
was 18—-27% below normal. In an ear-
lier Black Rock Forest experiment
{Stout 1959) on very stony loam un-
derlain by glacial till, a small, statisti-
cally nonsignificant basal area growth
increase occurred on plots following
understory removal as compared to
control plots, for 2 years of measure-
-ment when growing-season precipita-
tion was near normal. During a third
year when growing-season precipita-
tion was only 40% of normal, a highly
significant difference in growth rate of
nearly 100% was recorded. For all 3
years, growth on plots treated by un-
derstory removal plus irrigation was
not significantly different from that re-
sulting from understory removal
alone.

These studies indicate that on a
wide range of glacial till soils in
southern New England, soil moisture
is ample encugh that understory veg-
etation does not provide serious com-
petition to overstory trees, except
during severe droughis. Observations
by Walters (1978) and Karnig and
Lyford (1968) provide evidence of the
kind of site that does not have serious
soil moeisture limitation even in less
extreme climatic conditions. Walters
found a significant overstory growth
response in an open, park-like, sugar
maple stand in Vermont following re-
moval of a dense coniferous under-
story. This site contained numerous
outcrops and ledges, and soil depth
averaged less than 20 in to bedrack.
The soil was described as a shallow,
excessively drained, very rocky loam
with low available soil moisture ca-
pacity. Karnig and Lyford found that
during a 3-yr drought at Black Rock
Forest (growing-year precipitation
consistently 15-28% below normal),
oak mortality occurred, but primarily
on ridgetops or steep, west-facing
upper slopes with very shallow soils
and considerable amounts of exposed
bedrock. This was the same drought
during which understory treatments
had no effects on growth on nearby
sites with deeper, finer-textured soils,
as described above (Karnig and Stout
1969). Thus, water is clearly a Emiting
factor on these ridgetop sites, and un-
derstory control might produce a
growth response as in the Vermont
study, but growth is so poor on these
locations that they are not considered
commercial timber sites in any case.

The studies described above all con-
cern glacial till soils. Soils developed
in glacial outwash sands and gravels
have low moisture-holding capacity,
and understories may provide impor-
tant competition to overstory growth
on these, just as in the examples of the
shallow till soils. However, studies are
lacking for these kinds of sites in the
Northeast, and reliable predictions
cannot be made. Overstories on out-
wash sites often contain high propor-
tions of pine, so growth responses
would be affected by different species’
sensitivities to moisture shortage as
well as by soil differences.

Other Regions

A study by Dale (1975) extends the
range of observations across the Cen-
tral States to areas of lower precipita-
fion. A series of five experiments in
stands dominated by black oak or
white oak showed that understory re-
maovals produced no overstory growth
response in the eastern portion of the
region (eastern Kentucky and Ohio},
whereas basal area growth increases
of 25% occurred on 2 of 3 sites in Mis-
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souri and Jowa. Dale attributed this
geographical trend to the lower
average precipitation at the more
western sites. Detailed site descrip-
tions were not given, but site index
figures (59-73 ft at 50 years) indicate
that all were of average site quality.

Further support for this geograph-
ical trend is given by a series of
studies of growth of loblolly pine and
shortleaf pine stands with hardwood
understories. Studies from Missouri
{(Rogers and Brinkman 1965) and Ax-
kansas (Bower and Ferguson 1968,
Grano 1970) showed 20 to 33% in-
creases in basal area growth for stands
where understories were removed.
Similar studies in areas of higher pre-
cipitation on the Atlantic and Gulf
coastal plains (Lotti et al. 1960, Russell
1961) showed no response. This pat-
tern is not without exception;
Langdon and Trousdell (1974) re-
ported a 20% increase in growth of
loblolly pine following understory re-
moval on the coastal plain of North
Carolina. Exceptions such as this are
principally due to variations in local
site characteristics.

Tree Quality Considerations

During the 13-year duration of the
present study, few epicormic sprouts
developed on overstory trees in either
the control or treated plots. However,
the study was subsequently continued
by reducing overstory demnsity in the
treated plots; residual oaks sprouted
prolifically following this treatment.
In other Harvard Forest stands where
the understory was deliberately left in
place during overstory thinning, the
incidence of epicormic sprouting ap-
peared to be much lower. Thus, while

164 NJAF 4(1987)

understory trees have little or no neg-
ative effect on growth of overstory
trees, the shade they cast on overstory
stems may markedly increase stem

quality.

CONCLUSION

The overstory growth responses
found in certain southern pine stands
following understory removal were
not observed in studies of oak-domi-
nated hardwood stands in southern
New England growing on a variety of
glacial till soils. Soil moisture appears
not to be an important factor limiting
tree growth, except on shallow, exces-
sively drained soils or during severe
droughts. Other studies of oak stands
show a greater likelihood of obtaining
a growth response in the western part
of the central hardwoods region
where precipitation is less than in the
Northeast.

These studies indicate that removal
of understory trees and shrubs is nota
useful technique for influencing over-
story growth rates in most oak-domi-
nated hardwood stands in the North-
east. Consideration of stem quality
suggests that the opposite technique
—deliberate retention of as many un-
derstory trees as possible during over-
story thinning operations—would be
the most logical silvicultural choice in
many situations. Shade from the un-
derstory suppresses epicormic sprout
growth on overstory stems, especially
of oaks, reducing the deterioration in
quality of residual trees that often
occurs after thinning, O
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