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Soil acidity, nutrient deficient soils, lack of light penetration,
herbivory, and understory competition are the major obsta-
cles encountered in regenerating and sustaining northern
red oak. Changes in soils that may occur during soil acidifi-
cation include: reduced soil pH, increased availability of
aluminum (Al) and manganese (Mn), loss of base cations
due to leaching; and competition between base cations and
Al for exchange sites in the fine roots (Robarge and Johnson
1992).

Cronan and Grigal (1995) proposed that a calcium/alumi-
num (Ca/Al) ratio of 1.0 or less in soil solution posed at
least a 50 percent risk of adverse impacts on tree growth
and a ratio of 0.2 (or less) a 100 percent risk. Soil acidity
increases Al concentrations in the soil and has been impli-
cated in oak regeneration failure in Pennsylvania (Lyon and
Sharpe 1995). Northern red oak (Quercus rubra L.) is sensi-
tive to Al toxicity (Cronan and Grigal 1995, Demchik and
Sharpe 1999). Standard red oak regeneration practice in
Pennsylvania requires a shelterwood cut to provide seeds
for the new forest and allow enough light penetration to
promote seedling growth. In addition, herbicides, such as
sulfometuron methyl (Oust®), are used to reduce competi-
tion. Applications of lime and fertilizer have the potential to
ameliorate soil acidity; therefore, their use could be very
beneficial in the establishment of new seedlings The objec-
tives of this study were to determine the effects of shelter-
wood harvest with herbicide application on soil and soil
solution chemistry; to test the efficacy of liming and fertili-
zation as an acidity remediation treatment; and to deter-
mine the effects of these treatments on red oak tree growth.

Three sites with extremely acidic soils, forest floors domi-
nated by hay-scented fern (Dennstaedtia punctilobula), and
predominately northern red oak (Quercus rubra L.) over-
stories were selected for study in southwestern Pennsylvania.
Soil solution samples were taken bi-weekly using tension
lysimeters for three growing seasons, from plots receiving
herbicide (Oust®, sulfometuron-methyl, 2.0 ounces per
acre) (H); lime and fertilizer (LF) (Dolomitic lime - 1.5 tons
per acre and 10-20-20 Nitrogen-Phosphorus-Potassium
(NPK) fertilizer - 0.5 tons per acre); and a combination of
the herbicide, and lime, and fertilizer (HLF) treatments. Two
plots served as controls (C). All plots were previously shel-
terwood harvested (within the year) to leave a residual basal
area of 4.9 m2 – 11.1 m2. Northern red oak tree diameters
at breast height (d.b.h.) were measured and basal area
increment (BAI) was calculated.

Median soil solution data indicated calcium (Ca), magne-
sium (Mg), potassium (K), and pH increased with the addi-
tion of lime and fertilizer. Soil solution from plots receiving
lime and fertilizer had increased Ca/Al and base cation/
aluminum (BC/Al) ratios above critical levels. The addition
of herbicide alone caused increased soil solution Al and H+
concentrations and reduced Ca/Al ratios to critically low
levels. Within the HLF treatment plot, the addition of lime
and fertilizer counteracted the acidifying effects of herbicide
treatment, while still providing hay-scented fern control.

Northern red oak measurements indicated that under normal
moisture conditions trees in the HLF plot had significantly
increased radial growth over all other treatments. Both the
LF and H treatments had significantly increased radial
growth over the control treatment. The improved soil solu-
tion chemistry conditions on all plots receiving lime and
fertilizer seemed to increase red oak radial growth.

Soil solution results indicated that even with the relatively
modest lime and fertilizer application rates used, important
soil chemistry improvements were produced. Sulfometuron-
methyl herbicide application by itself lowered Ca/Al and BC/
Al ratios well below critical levels implicated in Al toxicity to
red oak, decreased soil solution pH, and increased plant
available Al. Liming and fertilization with hay-scented fern
control ameliorated soil acidification effects associated with
sulfometuron-methyl application and resulted in Ca/Al and
BC/Al ratios above critical levels and significantly improved
plant available Ca and Mg concentrations. Based on the
unfavorable soil chemical changes observed and their
amelioration by lime and fertilizer application, sulfometuron-
methyl herbicides should not be used to promote northern
red oak regeneration on extremely acidic soils without
accompanying lime and fertilizer treatment.
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