Why Is Soil Chemistry Important?

he soil quality indicator was initially
Tdeveloped as a tool for assessing the current

status of forest soil resources and predicting
potential changes in soil properties. Soil
chemistry data can be used to diagnose
tree vigor and document the deposition of
atmospheric pollutants (e.g., acid rain). This
chapter focuses on two chemical properties of
the soil: soil pH and effective cation exchange
capacity (ECEC).

Soil pH is considered by some to be the single
most diagnostic chemical measurement of the
soil (McBride 1994). Soil pH is responsive to air
pollution and precipitation chemistry (Bailey
and others 2005). In addition to its rare direct
effects on roots and soil microorganisms, soil
pH also influences metal toxicity, micronutrient
availability, ion exchange, microbial activity,
reduction/oxidation reactions, and soil
aggregate stability (McBride 1994). For all of
these reasons, soil pH is an important indicator
for the maintenance of forest ecosystem health
and vitality.

ECEC is a measure of the storage capacity
of soils for key nutrients such as potassium,
magnesium, and calcium and also for the key
acid-generating element in soils, aluminum.
Clay minerals and organic matter are the soil
components chiefly responsible for soil ECEC.
Soils with high ECEC can store large amounts
of cationic nutrients [sodium (Na*), potassium
(K*), magnesium (Mg**), and calcium (Ca?*)]
or acid-generating cations [aluminum (AI**)
and hydrogen (H*)], depending on soil pH. The
total amount of exchangeable cations that a
soil can hold is referred to as the ECEC, while
the percent base saturation is the total amount
of basic cations (Na*, K*, Mg?*, and Ca*")
expressed as a percentage of the total cation
exchange capacity of the soil (base cations plus
exchangeable AI’*) (Potash and Phosphate
Institute 1995). It is generally held that increases
in percent base saturation are correlated with
improved forest soil fertility (Pritchett and Fisher
1987). In the Forest Inventory and Analysis
(FIA) protocol, ECEC is calculated as the sum
of the amounts of exchangeable bases (Na*, K*,
Mg**, and Ca?*) and Al’* in soils and is measured
at the natural soil pH. The measurement unit is
centimoles of cation charge per unit mass of soil
(cmol(+)/kg).
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Methods

Soil samples for chemical analysis are
collected as part of the FIA soil quality
indicator. Between 2001 and 2003, samples
were collected in most of the continental
United States (fig. 9.1). The sample size will
increase as work in these States is completed and
additional States are inventoried. The changing
sample size and refinement of the database
management and estimation algorithms together
suggest that the results presented here should be
considered preliminary.

One mineral soil sample was collected on
each phase 3 plot according to well-documented
protocols' and sent to regional laboratories
for chemical analysis (U.S. Department of
Agriculture Forest Service 2006). Additional
details on field measurements, laboratory
processing, and estimation procedures are
available? (O’Neill and others 2005).

' U.S. Department of Agriculture, Forest Service. 2002.
Forest inventory and analysis national core field guide: field
data collection procedures for phase 3 plots, version 1.7.

U.S. Department of Agriculture, Forest Service, Washington
Office. Internal report. Vol. 2. On file with: U.S. Department
of Agriculture, Forest Service, Forest Inventory and Analysis,
Rosslyn Plaza, 1620 North Kent Street, Arlington, VA 22209.

2 The current version of the Forest Inventory and Analysis
National Core Field Guide is available online at: http://fia.
fs.fed.us/library/field-guides-methods-proc/.

Figure 9.1—Number of phase 3 panels of soils
laboratory data collected and available for analysis.
Data were collected 2001-03. (Data source: U.S.
Department of Agriculture Forest Service, Forest
Inventory and Analysis program.)



Soil pH and ECEC were determined for
each plot by queries to the soils database. Only
the top 10 cm of mineral soil were evaluated.
Spatially explicit comma-delimited files were
exported from the database and imported
into ArcMap (Harlow and others 2004). For
mapping purposes, soil chemical properties
were assigned to hexagons developed by the
Environmental Monitoring and Assessment
Program (EMAP) of the U.S. Environmental
Protection Agency (White and others 1992).
Approximately 90 percent of the hexagons had
only one measurement in them; the remaining
105 hexagons had two observations, which
were averaged. Each hexagon has an area of
approximately 648 km? and their center points
are roughly 27 km apart. Numeric data were
imported into R (Venables and others 2005) for
statistical analysis and plotting. Results for soil
pH were aggregated into classes developed by
Amacher and others (in press).

What Do the Data Show?

Forest soil pH in the United States tends
toward the acidic (fig. 9.2). This can affect the
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Figure 9.2—Distribution of observations of soil pH in the top

10 cm of soil (2001-03). (75" percentile = 5.5, mean = 4.8,

median = 4.5, 25" percentile = 4.0.) The colors represent the 61
same pH levels they represent in figure 9.3. (Data source: U.S.
Department of Agriculture Forest Service, Forest Inventory
and Analysis program.)
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growth of acid-intolerant plant species (table
9.1). Eastern soils tend to be more acidic than
their western counterparts (fig. 9.3). The spatial
distribution of low pH values coincides with
previous observations of acid deposition (see
National Atmospheric Deposition Program
2005). Future research will investigate whether
there is any causal relationship between
atmospheric deposition and low soil pH. Soils of
the arid Southwest are generally alkaline (fig.
9.3) because low precipitation allows for the
accumulation of acid-neutralizing carbonate
minerals in the soil profile.

Table 9.1—Soil pH with associated interpretations?

Soil pH Interpretation

<4.0 Strongly acid — only the most acid tolerant plants can grow in
this pH range and then only if organic matter levels are high
enough to mitigate high levels of extractable Al and other
metals

40-55 Moderately acid — growth of acid intolerant plants is affected
depending on levels of extractable Al, Mn, and other metals

55-7.2 Slightly acid to near neutral — optimum for many plant species

7.2-85 Slightly to moderately alkaline — optimum for many plant
species except those that prefer acid soils, possible
deficiencies of available P and some metals (e.g., Zn)

>8.5 Strongly alkaline — preferred by plants adapted to this pH
range, possible B and other oxyanion toxicities

2Amacher and others (in press).
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Figure 9.3—National map of observations of soil pH in the

top 10 cm of soil (2001-03) by Environmental Monitoring and
Assessment Program (EMAP) hexagon (White and others 1992).
Soil pH was measured in a calcium chloride (CaCl, ) solution.
(Data source: U.S. Department of Agriculture Forest Service, Forest
Inventory and Analysis program.)
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The mean ECEC value for forest soils in the ™y ECEL femal{*kg]

United States is 10.4 cmol(+)/kg, with the vast CJo- &
majority of forested areas having ECEC levels 500 — B2 4- 1
< 20 cmol(+)/kg (fig. 9.4). Forest soils with higher B - 25
ECEC levels have high clay mineral or organic B = i’:: Tﬁ
matter content, or both. Many forest soils in 500 — i

the Western United States, upper Midwest, and
portions of the Northeast had high ECEC levels

(fig. 9.5). The Southeastern United States with E 400 -

its predominance of more highly weathered 2

ultisols tended to have the greater proportion g 00
i

of forest soils with low ECEC levels. These soils
tend to be low in soil organic matter as indicated
by soil carbon levels (see chapter 10) and tend 200
to have the low ECEC clay mineral, kaolinite, as

the dominant clay mineral in the soil profile.
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Figure 9.4—Distribution of observations of effective cation
exchange capacity (ECEC) in the top 10 cm of soil (2001-03).
Effective cation exchange capacity was calculated by summation
of sodium (Na*), potassium (K*), magnesium (Mg**), calcium
(Ca?*), and aluminum (AP*). (75" percentile = 13.8, mean

= 10.4, median = 7.2, 25" percentile = 3.7 cmol(+)/kg .) The
colors represent the same ECEC levels they represent in figure
9.5. (Data source: U.S. Department of Agriculture Forest
Service, Forest Inventory and Analysis program.)
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Figure 9.5—Effective cation exchange capacity (ECEC)
in the top 10 cm of soil (2001-03) by Environmental
Monitoring and Assessment Program (EMAP) hexagon.
(Data source: U.S. Department of Agriculture Forest
Service, Forest Inventory and Analysis program.)
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