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Notice
This report was prepared by E&S Environmental Chemistry, Inc. in the
course of performing work contracted for and sponsored by the New
York State Energy Research and Development Authority (hereafter
NYSERDA). The opinions expressed in this report do not necessarily
reflect those of NYSERDA or the State of New York, and reference to
any specific product, service, process, or method does not constitute an
implied or expressed recommendation or endorsement of it. Further,
NYSERDA, the State of New York, and the contractor make no
warranties or representations, expressed or implied, as to the fitness
for particular purpose or merchantability of any product, apparatus, or
service, or the usefulness, completeness, or accuracy of any processes,
methods, or other information contained, described, disclosed, or
referred to in this report. NYSERDA, the State of New York, and the
contractor make no representation that the use of any product, apparatus,
process, method, or other information will not infringe privately owned
rights and will assume no liability for any loss, injury, or damage
resulting from, or occurring in connection with, the use of information
contained, described, disclosed, or referred to in this report.
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Figure 1. Sugar maple provides substantial aesthetic, cultural,

and monetary
value.
It is used
for maplesubstantial
syrup production,
Figure
1. Sugar
maple
provides
provides
lumber
for
furniture
and
flooring,
and adds
aesthetic, cultural, and monetary value.
It isto autumn
color in the northern hardwood forest. (Source: Scott Bailey)
used for maple syrup production, provides
lumber for furniture and flooring, and adds
to autumn color in the northern hardwood
forest. (Source: Scott Bailey)
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Study Methodology
A field study was conducted in 2009 in which 50 study plots
within 20 small Adirondack watersheds were sampled and
evaluated for soil acid-base chemistry and sugar maple growth,
canopy condition, and regeneration. Atmospheric sulfur and
nitrogen deposition were estimated for each plot. This research
built upon the sampling design and data collected during the
NYSERDA-sponsored Western Adirondack Stream Survey
(WASS) conducted by the U.S. Geological Survey (USGS).
The WASS provided an assessment of stream acidification for
small watersheds through the sampling of 200 streams randomly
selected from the regional population of 565 streams. In the
sugar maple assessment project, a subset of WASS watersheds
was randomly selected for soil and vegetation sampling. Loworder stream watersheds were used as the integrating unit.
This provided the foundation for statistically based regional
extrapolation of research findings and included the possibility of
using seasonal streamwater chemistry as an integrator of aspects
of forest soil chemistry that are associated with adverse impacts
on sugar maple.
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Figure 4. Soil pits were excavated at each study plot to collect
samples from each horizon. (Source: E&S)

Figure 5. Soil pit excavation. (Source: E&S)
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chemistry (low
exchangeable calcium and base saturation) that receive relatively
high levels of atmospheric sulfur and nitrogen deposition
exhibited little to no sugar maple seedling regeneration, relatively
poor canopy condition, and short- to long-term growth declines
compared with study plots having better soil condition and lower
levels of acidic deposition.

(Figure 10). For upper B horizon data, the sugar maple seedling
proportion increased with increasing exchangeable calcium up
to a threshold of 1.3 cmolckg-1. Plots that did not contain sugar
maple seedlings or saplings were associated with base-depleted
soils (Figure 11) that were low in pH and received relatively high
levels of acidic deposition. There was a general absence of sugar
maple saplings throughout the study region (Figure 6).
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Sugar maple, followed by American beech, was the dominant tree
species in all study plots (Figure 6). Nevertheless, sugar maple
sapling abundance was low, with nearly half of the study plots
having no sugar maple saplings. Sugar maple seedling abundance
was also low on most plots, compared with American beech
(Figure 6). More than half of the cored sugar maple trees showed
declining diameter growth since about 1950. Canopy condition
varied across the study region (Figure 7). Ten of the plots showed
canopy symptoms of severe decline for sugar maple, mostly
in the southwestern Adirondacks. None of the plots showed
American beech in severe decline.
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Plots that contained sugar maple seedlings had significantly
higher (p < 0.01) soil base saturation and exchangeable calcium
compared with plots that lacked sugar maple seedlings (Figure 8).
Sugar maple seedling abundance was lowest on plots with upper
B horizon soil base saturation less than 12 percent and highest
on plots with base saturation greater than 20 percent (Figure 9).
The soil base saturation was typically low on plots having low
Figure 5. Soil pit excavation. (Source: E&S)
seedling abundance regardless of the abundance of sugar maple
trees. Similar results were found for soil exchangeable calcium

gh levels of atmospheric sulfur and nitrogen deposition
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An overall response score was generated for each of the 50 study
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with low overall response scores.
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Project Implications
This research provides a foundation for determining the extent to
which sugar maple trees and their watershed soils in the western
Adirondack Mountains have been impacted by acidic deposition.
It also helps in estimating the degree to which impacted forests
can recover, both chemically (soils) and biologically (vegetation),
following reductions in acidic deposition. This information will
help policymakers better understand and evaluate the impact of
current and future efforts to reduce acidic deposition in New York
State and to determine locations where sugar maple recovery is
not likely to occur in the absence of restoration activities.
Earlier modeling estimated that there are more than 1,000 acidsensitive lake watersheds in the Adirondacks with soil conditions
that this research found to be associated with a near complete
absence of sugar maple regeneration. This suggests that the
ecosystem services provided by sugar maple in the western
and central Adirondack Mountain region, including aesthetic,
cultural, and monetary values, are at risk from ongoing soil
acidification caused in large part by acidic deposition.

Next Steps
The data collected in this project provide the technical foundation
for calculating the critical loads of acidic deposition that will
1) protect sensitive Adirondack terrestrial resources, including
sugar maple, from adverse impacts caused by acidic deposition,
and 2) allow previously damaged resources to recover from
acidification impacts. Project results also provide the basis for
identifying Adirondack watersheds that are not likely to support
sugar maple regeneration and sustain healthy growth without
liming to restore calcium availability. These are locations where
calcium availability has been depleted and natural processes are
likely to be insufficient to restore calcium availability despite
further reductions in atmospheric sulfur and nitrogen emissions
and deposition.
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