Nitrogen, Phosphorus, and Sulfur Properties of Some Forest Soils on
Barro Colorado Island, Panama’

Joseph B. Yavitt

Department of Biology, West Virginia University, Morgantown, West Virginia 26506-6057, U.S.A.
and

R. Kelman Wieder

Biology Department, Villanova University, Villanova, Pennsylvania 19085, U.S.A.

ABSTRACT

Eight surface soils from lowland tropical moist forest on Barro Colorado Island, Panama, were evaluated for: (1) NH,*-N, NO,-
N, PO-P, and SO,>-S concentrations in 10-mM CaCl, extractions; (2) N, P, and S mineralization potentials in laboratory
incubations; and (3) total N, P, and S concentrations. Concentrations of NH,*-N, NO,-N, and PO >--P prior to incubation were
similar among the soils despite significant differences in total C, N, and P concentrations. Initial concentrations of SO,?~-S generally
were greater in basalt-derived soils than in sediment-derived soils, although a similar pattern in total S concentrations among these
sites was not observed. The net mineralization potentials of the eight soil types had three characteristics in common: (1) most of
the mineralized N was nitrified, and NO;™-N accumulated at an approximately linear rate over a 32-day incubation period; (2)
PO,>--P decreased between days 0 and 16, then increased more than ten times between days 16 and 32; and (3) SO,*~-S did not
change over time. The striking consistency in the patterns of net mineralization among the eight soils was unexpected because of
differences in the total element contents of the soils and in the parent materials, vegetation on the site, and history of disturbance
to the vegetation.

RESUMEN

Se evaluaron ocho suelos de superficie de tierras bajas en selva tropical hiimeda, sitos en la isla de Barro Colorado (Panama), con
respecto a: (1) concentraciones NH,*-N, NO,™-N, PO,>~-P y SO,?"-S en extracciones 10-mM CaCl,; (2) potenciales de mineralizacion
N, P y S en incubaciones de laboratorio; y (3) concentraciones totales N, Py S. Las concentraciones de NH,*-N, NO,-N y PO2"-P
anteriores a la incubacién eran similares en todos los suelos, a pesar de las notables diferencias en cuanto a las concentraciones
totales de C, Ny P. Por lo general, las concentraciones iniciales de SO,2"-S eran mayores en los suelos basalto-derivados que en los
sedimentario-derivados, si bien entre dichos suelos no se observd un patrdén similar respecto al total de concentraciones S. Los
potenciales de mineralizacién netos de los ocho tipos de suelo tenian en comin lo siguiente: (1) la major parte del N' mineralizado
era nitrificado, y acumulacién NO; a una razén lineal aproximada sobre un periodo de incubacién de 32 dias; (2) el PO2"-P
decrecié entre los dias 0 y 16, para aumentar después en mas de un orden de magnitud entre los dias 16 y 32; y (3) el SO,>-S
no cambié en todo el periodo. La notable coherencia en los patrones de mineralizacién neta de los ocho suelos fue algo inesperado,
dadas las diferencias en el contenido total de elementos, materiales generadores, vegetacion de los lugares, e historial de los
contratiempos sufridos por la vegetacion.

NATURAL DISTURBANCES THAT CREATE ‘'PATCHES’ in a forest
(sensu White & Pickett 1985) might result in a corre-
sponding mosaic in the nutrient content of the soils as-
sociated with different forest patches. For example, treefall
gaps are a prominent source of environmental heteroge-
neity in lowland tropical moist forest, and the amount of
coarse woody litter on the soil surface in a gap is much
greater than that in the surrounding undisturbed forest.
Spycher ez /. (1983) have shown that soil organic matter
derived from woody litter has a much lower nutrient
content, especially of N, than soil organic matter derived
from leaf litter. In addition, rapid forest regeneration in
treefall gaps results in higher demand for nutrients by
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plant uptake than in mature forest, and plant uptake often
is responsible for maintaining a low level of available
nutrients in the soil (Aber ez 2/. 1982). On a broader
scale, the nutrient properties of a soil often are affected
by the successional status of the forest (Lamb 1980, Rob-
ertson 1984, Werner 1984), as well as by the parent
material (Jenny 1980).

On Barro Colorado Island, Panama, both young and
old forest stands grow on soils derived from both basaltic
and sedimentary parent materials, and treefall gaps in
different stages of regeneration have been recorded (Lang
& Knight 1983, Brokaw 1985). We have taken advantage
of this diversity of conditions to examine variability in N,
P, and S properties in surface soils. We emphasize N, P,
and S because of the interrelationship among these nu-
trients in soil organic matter (McGill & Cole 1981).



STUDY SITES

BCI (9°09'N, 79°51'W) is a 15-km? island in Gatun
Lake, Panama. Annual precipitation is 267 cm with a
marked dry season from January to late March when
monthly rainfall is usually less than 13 cm. The vegetation
on BCI has been classified as tropical moist forest (Hold-
ridge & Budowski 1956) with both deciduous and ev-
ergreen broadleaf tree species in the canopy. One-half of
the island supports old-growth forest (>300 yr old); the
other half has a successional forest developed on previous
agricultural land that was abandoned in the early 1900s.
Other features of the climate and vegetation are given in
Knight (1975) and Leigh ez @/. (1982).

Basaltic bedrock, derived from an early Miocene age
lava flow (Woodring 1958), forms a thick cap at high
elevations near the center of the island. Sedimentary bed-
rock, composed of two different Oligocene age formations
(Woodring 1958), occurs at low elevations along the flanks
of the island. Thus the basalt is on a younger-aged surface
than the sedimentary parent material. The basalt-derived
soils are relatively nutrient-poor, whereas the sediment-
derived soils are less weathered Alfisols. Three study sites,
B1 through B3, were located on the basalt-derived soils;
the remaining five sites, S1 through S5, were located on
the sediment-derived soils.

Site B1 was located in a stand of Quararibea asterolepis
in the old-growth portion of the forest. Little decomposing
wood was found on the forest floor, suggesting that the
site had not been disturbed recently by a treefall gap. Site
B2 was within the young forest dominated mainly by
Gustavia superba. This forest is typical of most of the
abandoned agricultural land on the island, and compared
with site B1, its forest floor revealed much more decom-
posing wood. Site B3 was a swamp forest located in a
wet depression. The surrounding forest was similar to that
at site B2, but the surface soil was much darker, suggesting
a high accumulation of organic matter in the surface soil.
Another distinctive feature of site B3 was the abundance
of the ground bromeliad Aechmea magdalenae.

Site S1 was a young forest analogous to site B2. Site
S2 was a regeneration phase of an 8- to 10-yr-old treefall
gap (G. E. Lang and D. H. Knight, pers. comm.) with
much highly decomposed wood on the forest floor. Site
S3 was a regeneration phase of a 2- to 3-yr-old treefall
gap; wood in various stages of decay occurred on the forest
floor. Both gaps were relatively small in size (<100 m?).
Sites S4 and S5 were chosen to represent smaller-scale
disturbances which could affect soil nutrient properties.
Site S4 was situated directly beneath a log that was highly
decomposed and flattened to the level of the forest floor.
Site S5 was near the base of a Scheelea zonensis palm. The
underlying mineral soil was covered with a buildup of
partially decayed fronds, producing a localized area of high
organic matter accumulation.

METHODS

SOIL SAMPLING AND HANDLING.—Soil samples were taken
during the wet season, July 1984, when the forest floor
licter on BCI is minimal (Levings & Windsor 1982). At
each study site, triplicate bulk soil samples of 250 g each
were taken to a depth of 15 cm within a 10 X 10 m
plot. The samples were stored in sealed plastic bags and
transported to West Virginia University where all further
analyses were done; processing of the samples was carried
out within 48 hr of collection. The soils were evaluated
for: (1) NH,*-N, NO,-N, PO,*~-P, and SO,*-S con-
centrations in 10-mM CaCl, extractions; (2) N, P, and S
mineralization potentials; and (3) total N, P, and S con-
centrations. A CaCl, solution extracts mainly soluble ions,
but not ions retained in the soil by adsorption onto soil
minerals, thus providing an index of the chemical char-
acteristics of the soil solution (Adams 1974). The min-
eralization potential is a measure of the net amount of
nutrient that is mineralized to a plant-available form dur-
ing a laboratory incubation and is an index of the nutrient-
supplying power of a soil (Vitousek ez @/. 1983).

LAaBORATORY PROCEDURES.—Upon teturning to the labo-
ratory, one 5-g subsample from each of the 24 soil samples
was extracted with 50 ml of 10-mM CaCl, by shaking
the soil-extracting solution for 2 min, allowing to settle
for 24 hr, and then decanting the supernatant. The so-
lutions were retained for determination of initial concen-
trations of soluble ions. Five additional 5-g subsamples
from each of the 24 soil samples were placed individually
into 15-ml Styrofoam cups, capped, and incubated in the
laboratory to determine the nutrient mineralization po-
tential. The lid had a 5-mm hole punched in it to allow
free gas exchange between the container headspace and
the laboratory atmosphere. The cups were incubated in
the dark under high-humidity conditions at 24°C. Gravi-
metric water contents of the soils were maintained at field-
moist conditions during the course of incubation by pe-
riodically adding distilled water to replace the amount of
water lost by evaporation. After 2, 4, 8, 16, and 32 days,
one replicate incubation from each of the 24 soil samples
was retrieved and destructively extracted with 50 ml of
10-mM CaCl,. The supetnatants were analyzed for NH,*
colorimetrically by continuous flow analysis and for NO,",
PO, and SO,*” by ion chromatography.

A final subsample of the field-moist bulk soil was
weighed, then dried to a constant mass at 105°C to es-
timate water content. The remaining portion of each soil
was oven-dried at 70°C and ground with a mortar and
pestle. Total C was determined on two replicates of each
bulk sample using a Coleman C-H-O analyzer. Total N
and P were determined on two different replicates by HgO-
K,S0,-H,SO, digestion (modified Kjeldahl) with subse-
quent analysis of NH,* and PO,>~ in the digest solutions
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TABLE 1. Chemical charvacteristics of the soils from the eight sites. Calcium chloride extractable values are of samples prior to incubation.
For each chavacteristic, mean values with the same letter superscript do not differ significantly.
Total (mg/g dry soil) CaCl,-extractable (ug/g dry soil)
Site C (%) N P NO,-N NH,*-N PO,~*-P SO2~-8
Bl 4.83 4.2¢ 1.122® 0.57¢ 15.7¢ 0.42¢ 0.31° 2,170
B2 4.82¢ 5.1k 1.15° 0.74> 17.3¢ 0.70¢ 0.31 3.79
B3 3.29¢ 4.9 1.30 0.60¢ 14.4 0.42 0.28 2.01°
S1 2.50¢ 4.1¢ 0.72¢ 0.49¢ 13.1¢ 0.42: 0.27¢ 1.39°
S2 4.94¢ 4.8bed 0.95° 0.64¢ 13.2¢ 0.51¢ 1.30* 0.79°
S3 4.304 4.5 0.66¢ 0.57¢ 13.4 4.11¢ 0.27¢ 1.60*
S4 6.05° 5.60 0.72 0.61¢ 16.4* 0.98 1.82: 1.45°
S5 6.84° 7.5¢ 1.12%0 0.83* 8.3¢ 5.70¢ 0.36* 4.17*

by continuous flow analysis. Total S was determined using
a LECO sulfur analyzer.

StaTisTicAL aNALYses.—The concentrations of extractable
N, P, and S over time were statistically analyzed using
linear regression techniques. First, for soluble inorganic
nitrogen (SIN = NH,*-N + NO,-N), NO,-N, PO"-
P, and SO,?"-S concentrations, a test for homogeneity was
performed among the eight sites in slopes of regression
lines of concentration as a function of time (Sokal & Rohlf
1981). If this test indicated homogeneity of slopes among
sites (P = 0.05), then pairwise comparisons of intercept
values among sites were performed using the #'-test for
unplanned compatrison of regression parameters (Sokal &
Rohlf 1981). The latter test indicated differences among
the sites in ion concentrations in the initial extractions prior
to incubation. If the test for homogeneity of slopes indi-
cated significant site differences (P < 0.05), pairwise com-
parisons among slopes, then among intercepts, were per-
formed using the #'-test. For total element concentrations,
site differences were evaluated using analysis of variance
and the least significant difference test.

RESULTS

Surface soils from the eight sites varied significantly with
regard to total C, N, P, and S concentrations (Table 1).
Soil derived from the sedimentary parent material and
supporting the young forest (S1) generally had the lowest
total C, N, and S concentrations, whereas the soil collected
from beneath the Scheelea palm (S5) had relatively high
concentrations of all 4 elements. Soils from beneath the
dead log (S4) and from beneath the Scheelea palm (S5),
which were collected specifically because in the field they
appeared to have a high organic matter content, had the
highest total C concentrations. However, the black “or-
ganic”’ soil from the swamp forest (B3) had a low total
C concentration. All of the soils derived from the basaltic
parent material had higher total P concentrations than the
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soils derived from sedimentary parent materials, except
for comparable values for the Scheelea palm site (S5).

A stepwise discriminant analysis indicated that the
eight sites could be separated on the basis of total C, N,
and P, but not total S, concentrations in the soil (Fig. 1).
The first canonical variable is negatively correlated with
total N concentrations and is most effective in separating
the 5 sediment-derived soils from each other. The three
sites whose soils were derived from the basaltic parent
material are clumped along this axis. The second canonical
variable is negatively correlated with total P concentration
in the soil, and is more effective in separating the basale-
derived from sediment-derived soils. It is important
to note that the nutrient concentrations of the soils in the
three replicate samples collected within the 10 X 10 m
plot at each site were similar to each other, except for one
of the replicate samples taken in the regenerated gap site
(82).

During the course of incubation, the concentration of
SIN consistently increased over time (Fig. 2), with NO;-N
accounting for about 85 percent of this increase. For both
SIN and NO,™-N concentrations, the slopes of change in
concentration over time were not homogeneous among the
eight sites (Table 2). Further analysis indicated that for
both SIN and NO,™-N, the estimated slope for one site,
S5, was significantly different from the slopes for the other
seven sites, which were statistically similar to each other.
The estimated intercept values were statistically similar for
all eight sites, indicating that SIN and NO,~-N concen-
trations in the initial extractions were similar among the
sites (Table 1).

Plots of changes in PO,*-P concentrations over time
in soils from all eight sites indicated a gradual decline in
PO,>~-P concentration from days O to 16, followed by a
sharp increase between days 16 and 32 (Fig. 2). Therefore,
the data were divided into two time periods prior to
statistical analysis (Table 2). From days O to 16, both the
slopes and intercepts of the regression lines of PO,*~-P
over time were statistically similar among the eight sites.



