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ABSTRACT

We compared soil phosphorus levels below canopies of the lowland tropical rain forest tree species Simarouba amara
Aubl. with soil sampled beyond the edge of S. amara canopies. Our data show that trees affect soil phosphorus
concentrations and that differences below individual trees are related to gender for this dioecious species. Soil sampled
adjacent to female trees had significantly higher soil phosphorus levels for several different indices of phosphorus
availability than soil sampled beyond tree crowns. Male trees did not significantly modify soil phosphorus levels.
Analysis of total mineral phosphorus (Total-phosphorus) below and beyond the canopies of male and female of .
amara found no differences in the total amount of phosphorous combined within bound and labile soil fractions.
We measured a small increase in soil organic matter under tree canopies, but found no gender-related difference.
Our results indicate that increased phosphorus availability beneath female S. amara arises from a gender-related
modification in phosphorus cycling rather than from higher recruitment of females on sites rich in phosphorus or
organic matter. We suggest that gender-dependent controls on soil phosphorus may include below-canopy enrichment
of available phosphorus due to fruit and litter cycling or increases in phosphorus transformation from bound to labile
forms.

RESUMEN

Comparamos los niveles de fosforo en el suelo debajo de la copa de arboles de la especie Simaronba amara, con suelo
muestreado fuera del borde de la copa de los mismos en las tierras bajas del bosque lluvioso tropical. Nuestros
resultados mostraron que los arboles afectan la concentracién de fosforo en los suelos y que diferencias encontradas
debajo de arboles individuales estan relacionadas al género, ya que esta especie es dioica. Suelos muestreados en lugares
adyacentes a arboles femeninos presentaron niveles de fosforo significativamente mas altos, en varios de los diferentes
indices de disponibilidad de fosforo, que los suelos muestreados debajo de las copas. Arboles masculinos no modificaron
los niveles de fosforo en los suelos significativamente. Analisis de fosforo mineral total (fosforo total), por debajo y
fuera del borde de la copa de los 4rboles masculinos y femeninos de S. #mara, no mostraron diferencias en la cantidad
total de fosforo que combina las fracciones labil y fija. Medimos un pequefio incremento en el nivel de materia
organica debajo de la copa de los arboles, pero no encontramos diferencias relacionadas al género. Nuestros resultados
indicaron que el incremento en la disponibilidad de fosforo debajo de §. #mara femeninos surge de una modificacion
en el ciclo de fosforo relacionada al género, mas que al establecimiento de los arboles femeninos en lugares con mayor
contenido de fosforo y materia organica. Sugerimos que el control de fosforo en el suelo debido al género puede
deberse al enriquecimiento debajo de la copa con fosforo labil proveniente de frutos y hojarasca, o al incremento en
la transformacion de fosforo fijo a labil.
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THE EFFECT OF INDIVIDUAL TREES on soil properties
has been the focus of numerous studies in a variety
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of temperate forest ecosystems (Zinke 1962, Alban
1969, Boettcher & Kalisz 1990, Beniamino e /.
1991, Klemmedson & Wienhold 1992). These ef-
forts evaluate the spatial extent and magnitude of
soil modification caused by different tree species.
Nutrient levels, soil pH, and organic matter content
were found to change as trees accumulated site re-
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sources in tree biomass and returned it to the soil.
Tree effects are species-specific due to differences in
the quantity and chemical nature of litter compo-
nents (Zinke 1962, Alban 1969, Boettcher & Kalisz
1990). For a single species, tree effects can vary on
different sites or topogtaphic aspects (Alban 1969,
Klemmedson & Wienhold 1992).

In the species-rich rain forests of the lowland
tropics, individual trees may leave long-term im-
prints on soils (Richter & Babbar 1991) that com-
bine with the effects of canopy gaps (Vitousek &
Denslow 1986) and other disturbances to produce
the great spatial heterogeneity typical of tropical
soils (Sanchez 1976). R. Sanford (pers. comm.)
found that the tropical forest palm Welfia georgii
increases soil potassium levels. Palms comprise 16
to 30 percent of the stems per hectare in several
Neotropical forests (Janzen 1983); if other palms
produce similar changes in soil nutrients, tree effects
with reference to this taxa alone could significantly
affect the mosaic of soil nuttients in tropical soils.

In the tropics, dioecious trees representing up
to 21 percent of the tree flora (Bawa 1980), may
contribute substantially to pattetns of soil variabil-
ity. Research on dioecious plants has focused on the
relationship between gender-related distribution
patterns and resource patchiness. For many dioe-
cious species, females tend to occupy sites with high-
er resource levels (Bawa 1974; Freeman ez /. 1976,
Cox 1981, Dawson & Bliss 1989); males are more
common on resource-poor sites (Bierzychudek &
Eckhart 1986, Dawson & Ehleringer 1993). Niche
differentiation between sexes is explained by the
disparity in reproductive investment of the sexes
and higher resource demand by females for seed
production (Bawa & Opler 1975, Dawson & Eh-
leringer 1993). Gender-related niche partitioning
based on total soil phosphorus levels was recorded
for the tropical understory tree, Trophis involucrata
(Cox 1981). Female trees were found on soils con-
taining significantly higher total P than male trees.
Gender-specific differences in physiology and bio-
mass allocation (Bullock 1984, Dawson & Ehlerin-
ger 1993) may affect nutrient cycling and influence
tree effects on soil properties.

The objective of our study was to investigate
the effect of the dioecious tree species Simaronba
amara Aubl. (Simaroubaceae) on the availability of
a limiting soil nutrient. In lowland tropical rain
forest, soil P availability is extremely low due to
losses of total P with intense weathering and rapid
P adsorption by sesquioxide clays (Sanchez 1976,
Vitousek & Sanford 1986). We measured inorganic
and organic forms of soil P near male and female
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trees to determine whether . @mara has a gender-
related impact on P availability. Knowledge of spe-
cies and gender-specific impacts on soil properties
contributes to our understanding of soil heteroge-
neity and complexity within forest ecosystems.

METHODS

The study site is located at La Selva Biological
Station in the tropical wet and tropical premontane
lifezones (Holdridge ez #/. 1971) of the Atlantic
coast of Costa Rica (10°26’N, 83°58'W). Annual
precipitation at La Selva averages 4000 mm. Mean
annual temperature is 26°C (Organization for Trop-
ical Studies, unpublished records). The dense, mul-
tistoried, primary forest is dominated by evergreen
tree species; Pentaclethra macroloba and Welfia geor-
g#t are most common (Holdridge ez /. 1971). The
soils at La Selva are variable and include residual
soil originating from volcanic lava flows and alluvial
soils that developed on terraced riverine alluvium
(Sollins ez 2/. 1993). Availability of soil P is low,
(2.5 pg g="), but soil N is high due to the abun-
dance of nitrogen-fixing trees (Vitousek & Denslow
1986).

Sample trees are part of a long-term study of
the regeneration ecology of primary rain forest trees
(Clark & Clark 1987, 1990, 1992). Along with
annual growth and survival, flowering phenology
was fecorded and female and male individuals were
identified. Sample trees occupy codominant posi-
tions in the forest canopy and are greater than 20
cm diameter at breast height (1.4 m). We selected
eight individuals of each sex. Sample trees were
located on the Matabuey and Jaguar soil consoci-
ations, derived from lava flows and the Arboleda
consociation, a highly weathered, upper terrace soil
(Table 1). Although the Matabuey and Jaguar soils
originated from different lava flows, both are Typic
Tropohumults and both possess very similar chem-
ical and morphological properties (Sancho & Mata
1987). The Arboleda consociation is a very old
alluvial soil (Sollins ez 2/. 1993) found adjacent to
the Jaguar soils; the two soil consociations have been
grouped together in recent investigation (Vitousek
& Denslow 1987). Trees sampled on the Arboleda
consociation were located near the border of the
mapping unit, adjacent to the Jaguar soil type.

Soil was sampled within 20 cm of each tree
stem (adjacent sample), and 1 to 2 m beyond the
edge of the canopy drip line (control sample), but
not below the canopy of another . #mara. Mineral
soil cores were sampled from the 0—10 cm depth
after removing forest floor debris. Soils were refrig-



364 Rhoades, Sanford, and Clark

TABLE 1. Selected chemical and physical characteristics of soils (0-15 cm depth) in this study. All data from Sancho
and Mata (1987) except for NH;, NO; and PV which were measured in each of the study plots. PV is
available phosphorus as determined by dilute acid-fluoride extraction (Bray I) while P? is sodium bicarbonate
extractable phosphorus (modified Olsen).

Bulk .
Series.  Classii- pH OM. NO, NH, po p, _* Ms densiry S2nd Silt Clay
name cation H,0) % wug/g ug/g ug/g ng/g cmol/kg Mg/m? %

Arboleda  Typic 5.3 4.03 5.86 7.82 098 4.7 11.00 296 0.41 055 82 12 6
Humitropept

Jaguar Typic 45 6.75 400 6.86 0.89 6.4 0.54 0.53 0.29 0.69 44 15 41
Tropohumult

Matabuey  Typic 50 7.13 401 888 061 7.7 059 046 035 080 46 13 41
Tropohumult

erated immediately after sampling and transported
from Costa Rica to Colorado in an insulated coolet.
Laboratory analyses were completed within two
weeks of sampling.

Different forms of soil phosphorus of increasing
chemical stability were removed by sequential ex-
traction (Hedley ez /. 1982). Resin extractable
phosphorus (resin-P) was removed by shaking soils
and anion exchange resins (Dowex 1 X 8-50, >30
mesh, bicarbonate form) for one hour in distilled
water (Hedley ez /. 1982). The sodium bicarbon-
ate-extractable inorganic fraction (Pi) was extracted
with 0.5 M NaHCO, at pH = 8.5 (Bowman &
Cole 1978). A subsample of the filtrate was then
digested by acidified ammonium persulfate oxida-
tion to release the organically-bound P in the bi-
carbonate extract (Po). The total bicarbonate ex-
tractable P (Pt) contained in the digested samples
includes both Po and Pi; Po was calculated as the
difference between Pt and Pi (O’Halloran ez /.
1985). Orthophosphate concentrations in the fil-
tered extracts and the neutralized digests were mea-
sured using the method of Murphy and Riley (1962).

Resin-P indexes the most biologically active plant
available fraction (Hedley ez /. 1982). Pi is mod-
erately labile, plant available P, that is adsorbed to
soil exchange sites (Tiessen ez #/. 1984). The Po
fraction contains labile, plant available organic forms
(Bowman & Cole 1978). In Ultisols, resin-P is
highly correlated with Po (Tiessen ez #/. 1984).
Together resin-P and Po represent a labile pool of
P, available to plants in soil solution and replenished
by mineralization of labile organic matter.

Total mineral soil-P (Total-P) was recovered
after fusion of samples with Na,CO, in nickel cru-
cibles (Olsen & Sommers 1982). Total P combines
the organic and inorganic forms of P that are ad-
sorbed on exchange sites (bicarbonate extractable-
P) with those that are tightly fixed by Al and Fe

oxides and any P residing within the primary soil
minerals. Soil organic matter content was analyzed
using the Walkley-Black method (1934).

Statistical analysis tested for differences in treat-
ment means with one-way and two-way analysis of
variance (ANOVA), two sample z-tests, LSD pair-
wise compatisons, and linear correlation (Steel &
Torrie 1980). Comparisons evaluated differences in
soil properties based on tree sex (sex effect) and
sample location (tree effect). Calculations were com-
pleted using SPSS/PC (SPSS 1988) setting the
probability of a Type I error at 0.05.

RESULTS

Son pHOsPHORUS.—In general, soil adjacent to fe-
male §. amara trees had higher extractable phos-
phorus levels than soil adjacent to male trees or the
control samples (Fig. 1). This indicates that not
only does §. amara influence soil P, but that tree
gender has an additional influence. Soil P, indexed
by resin-P and bicarbonate extractable Pi, Po, and
Pt, was higher below canopies of female S. amara
than in control soils (two-way ANOVA, P values
=0.036, 0.048, 0.335, 0.222; N = 8). Correlation
analysis found that with the exception of total min-
eral P content, no clear relation existed between soil
P fractions adjacent to trees and those beyond tree
canopies (F-test, P = 0.489, 0.577, 0.753, 0.403,
0.013; Pearson’s coefficient, » = —0.186, 0.151,
0.086, 0.224, 0.606; for Pi, Po, Pt, Resin-P, and
Total mineral P; N = 16). This lack of relation
allows female and male, adjacent and control sam-
ples to be treated independently in a two-way ANO-
VA analysis.

No significant differences were found between
control samples of the male and female trees for
any of the phosphorus fractions (Table 2). For the
following statistical analyses, female and male con-



