


exists to suggest that the vegetation of the
MidAtlantic Coastal Plain, as well as that of
coastal New England, consisted primarily of
grasslands, pineland savanna, and heath land
during various periods in geologic history,
including pre-colonial times (Kulikoff, 1996;
Tyndall, 1992). This vegetation persisted into
recent historical times primarily due to natural
fires and fires set by Native Americans (Anderson,
1982; Pyne, 1983; Vickery and Dunwiddie,
1997). Rapid agricultural development and ur-







and acidified to pH G 2 with nitric acid for analysis
(Clesceri et al., 1998).

The Mg2+ concentrations in the resultant
solutions from the compulsive exchange were
measured by atomic absorption spectrophotome-



which is comparable to values determined for
other Atlantic Coastal Plain soils (Liu et al.,
2004). As was expected, numerous strong
(P G 0.01) correlations existed between many
of the measured soil chemical properties before
burning (Table 1). Both pre-burn soil OM and
CEC were strongly positively correlated with
extractable Ca, Mg, and K contents as well as
with each other (r = 0.75). Extractable Ca was
strongly positively correlated with Mg and K
(r = 0.92 and 0.73, respectively). Correlations of
pH with OM, CEC and the cations were
weaker, but still significant.

Effects of First-Time Burning

Soil pH

Despite a relatively large degree of vari-
ability in soil pH among individual samples both
before and after burning, the average soil pH
increased significantly (P G 0.05) at all soil
depths within the study area by 11 days after
the prescribed burn (Fig. 2). Before burning, the
average soil pH was 5.72 (SE = 0.06) in the 0 to
2.5 cm depth interval and was 5.39 (SE = 0.09)
in the 15 to 20 cm interval. After burning, the
average soil pH was 5.94 (SE = 0.05) in the 0 to

Fig. 1. Mean (T standard error) soil bulk density profile (n = 5 per depth) representing the 0.4-ha tallgrass prairie
study area.

Fig. 2. Mean (T standard error) soil pH profile (n = 25 per depth) 1 day before (i.e., 1-day pre-burn), 11 days and
1 year after prescribed burning (i.e., 11-days post and 1-year post, respectively). Asterisks denote significant
difference from 1-day pre-burn levels at P G 0.05 (*) and P G 0.01 (**).
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2.5 cm depth interval and 5.65 (SE = 0.08) in

the 15 to 20 cm interval. Burning did not affect

the measured variability associated with soil pH.

The increase in pH in each depth interval was

similar and averaged 0.23 (SE = 0.01) pH units.

After 1 year, soil pH was no longer significantly

different than the pre-burn soil pH (Fig. 2).
The relatively low buffering capacity of the

highly weathered Ultisol in this study makes it
sensitive to basic inputs. Burning of grassland
vegetation converts mineral components of the
grasses into soluble salts (Daubenmire, 1968)

and, upon contact with water, the salts undergo
hydrolysis, which is an alkalinity-producing
reaction. The several days of rain that occurred
in the 11 days after the prescribed burn would
have allowed the base-cation-rich, alkaline ash
from the burn to penetrate the near-surface soil
at the CRFRC site. A total of 4.63 cm of rain
occurred during the 11 days, primarily on days 3
through 8 after the burn (NCDC, 2003). Based
on average measured soil bulk densities by depth
(Fig. 1), assuming the volumetric soil water
content was relatively high (i.e., ı 33%) from
the rain, and assuming little or no runoff
occurred, considering the well-drained soils
with 2 to 5% slope and a low rainfall intensity
(NCDC, 2003), the 4.63 cm of rain between
burning and 11-day postburn soil sample col-
lection would have penetrated to a depth of
nearly 15 cm if the soil layers above were
saturated. However, it is very likely that given
the sandy-loam soil texture, the upper soil layers
did not saturate and the rainwater penetrated to
an even greater depth than 15 cm. Some ash and
ash-dissolution products probably penetrated to
a similar depth into the soil as the rainwater. At
each depth sampled to 20 cm, the increase in pH
was similar (Fig. 2), supporting the calculation
that the water had in fact infiltrated to at least
20 cm.

Increases in soil pH after first-time burns of
grasslands have only been reported in two other
studies. In a silt-loam soil of the Hayden Prairie
in Iowa, Ehrenreich and Aikman (1963)
reported a 0.9 pH unit increase in the surface 2 cm

TABLE 1

Summary of pre- and post-burn correlations (r) among soil

organic matter (OM), cation exchange capacity (CEC),

extractable Ca, Mg, and K, and soil pH for all

sample depths combined

Soil

Variable
CEC Ca Mg K pH

Pre-burn correlations (r)

OM 0.865‘ 0.882‘ 0.768‘ 0.708‘ 0.249-

CEC 0.946‘ 0.873‘ 0.772‘ 0.406‘

Ca 0.924‘ 0.725‘ 0.525‘

Mg 0.576‘ 0.627‘

K 0.239-

Post-burn correlations (r)

OM 0.906‘ 0.923‘ 0.824‘ 0.752‘ 0.135

CEC 0.942‘ 0.991‘ 0.827‘ 0.276.

Ca 0.919‘ 0.775‘ 0.383‘

Mg 0.736‘ 0.496‘

K 0.164

Symbols denote significant correlations at P G 0.05. P G 0.01-

and P G 0.001‘

Fig. 3. Mean (T standard error) organic matter (OM) profile (n = 25 per depth) 1 day before (i.e., 1-day pre-burn),
11 days and 1 year after prescribed burning (i.e., 11-days post and 1-year post, respectively).
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several months after first-time burning in
the spring of the year. As was the case at the
CRFRC site, they found that the pH increase
dissipated by 1 year after the burn. Similar to

the pH change observed in this study, Picone
et al. (2003) reported a soil pH increase of 0.38
units in the surface 5 cm, 1 day after winter
burning a grassland composed of warm-season

Fig. 4. Mean (T standard error) cation exchange capacity (CEC) profile (n = 25 per depth) 1 day before (i.e., 1-day
pre-burn) and 11 days after prescribed burning (i.e., 11 days post).

Fig. 5. Mean (T standard error) extractable Ca (A) and Mg (B) profiles (n = 25 per depth) 1 day before (i.e., 1-day
pre-burn) and 11 days after prescribed burning (i.e., 11 days post).
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of the Konza Prairie of Kansas (Ojima, 1987)
and a grassland on an acid sandy loam in
Connecticut (Niering and Dreyer, 1989)
showed no change in soil pH.

Despite differences in soil and climate, soil
pH increases reported at sites subjected to both
first-time or repeated burning were comparable



the prescribed burn throughout the top 20 cm,
but, in contrast to soil pH, the increases, as-
sumed to be a result of the prescribed burn, were
not statistically significant (Figs. 3 through 5).
Similar to soil pH, burning did not affect the
measured variability of these properties at each
depth. The prescribed burn did not significantly
affect extractable K, Na, Fe, Mn, Zn, Cu, S, and
P (data not shown). By 1 year after burning,
similar to soil pH, OM did not differ from pre-
burn values (Fig. 3).

Statistically significant changes in the rela-
tionships between OM, CEC, and soil proper-
ties did occur following 11 d after burning,
which support the numerical increases, and
which may be a sign of future change with
repetitive burning. For chemical properties that
were linearly correlated with pH before and
11-d after burning, namely CEC and extract-
able Ca and Mg (Table 1), the relationship did
not change significantly after the burn, as indi-
cated by statistically equivalent slopes and inter-
cepts of the regression equations before and after
the burn. The increase in soil pH detected must
have been matched by increases in exchangeable
Ca and Mg and CEC, as suggested in the depth
profiles, in order to maintain these same re-
lationships. An increase in OM is supported by
the statistically equivalent relationship between OM
and Ca before and 11 d after burning (Fig. 6A).
Either no change occurred with OM and Ca due to
burning, or, more likely, considering the increase
in Ca suggested by the relationship with pH and

the numerical increases in OM and Ca in the
depth profiles, both increased in a manner to
maintain the same relationship.

Another line of evidence indicating that
burning increased OM, CEC, and extractable
cations in the soil is the 11-day postburn change
in the slope of the regression equations charac-
terizing the relationships between CEC and
OM (Fig. 7), Mg and OM (Fig. 6B), and Mg
and Ca (Fig. 8). The slope (P = 0.046)
characterizing the linear relationship between
CEC and OM decreased 11 days after burning
(Fig. 7). In addition, the linear relationship
between extractable Mg with OM changed
(Fig. 6B), in contrast to that between Ca and
OM (Fig. 6A); the slope decreased (P = 0.024)
and the intercept increased (P = 0.046) after
burning. Moreover, the linear relationship
between extractable Mg with Ca the slope
decreased (P = 0.006) and the intercept
increased (P = 0.009) (Fig. 8) 11 days after
burning. In these cases, the change in relation-
ships could have resulted from an increase or





soil cation contents than this study ( J. Blair,
personal communication, 2004). On the other
hand, Christianson (1976) detected increases in
soil cations two months after first-time burning
of grasses, sedges and herbs in acidic soils of
Big Meadows Shenandoah National Park. In a
laboratory study, Lloyd (1971) added ash formed
from burning herbaceous vegetation to calcare-
ous and brown-earth soils of England and
observed an increase in exchangeable K, but not
Ca. However, Lloyd (1972) did not observe a
change in exchangeable K or Ca due to ash
addition to field plots. Differences found be-
tween sites could not only be due to background
cation contents, but the degree of leaching of
the soluble cations.

The short-term effects of burning on soil
chemical properties of a grassland restoration on
a highly weathered Ultisol in the MidAtlantic
Coastal Plain suggest that burning will probably
serve as an important means to recycle organic
matter and major cations and to increase soil pH
and CEC early in the growing season. The
similarity in the magnitude of the changes
between these results and those of other studies,
in particular for soil pH, indicates the combined
impact of burning conditions, weather after
burning, soil properties, and climate in deter-
mining the impact of burning on soil chemis-
try. The dissipation of short-term changes after
1 year suggests that long-term changes in the
soil chemistry of a grassland restoration on a
highly weathered Ultisol in the MidAtlantic
Coastal Plain will probably only occur with
repeated burning and with greater retention of
ash and ash-dissolution products. The balance
between short-term changes and the long-term
buffering capacity of a typical, highly weathered
Ultisol in the MidAtlantic Coastal Plain suggests
that grassland restoration can be successful and
that sustainable long-term ecological productivity
probably can be achieved.
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