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Abstract 

Spatial variability of soil properties directly influences forest growth. However, spatial variation in soil properties 
has not been studied within tropical dry forests. As such, it is unclear whether soil properties, like moisture 
and N availability, display spatial variation at scales similar to that of other ecosystems. To gain insight into 
this variation, we established a 56 × 56 m sampling grid in tropical dry forest on the Caribbean island of 
St. Lucia. Samples collected at 4-m intervals were analyzed for forest floor mass, soil texture, pH, organic C, 
net N mineralization, net nitrification and available P. Geostatistical procedures were used to determine spatial 
autocorrelation of the aforementioned properties and processes. Semivariogram parameters were used in a block 
kriging procedure to produce spatial maps of soil properties. At the scale of our study, most soil properties exhibited 
spatial autocorrelation at distances of 24 m or less. Varying degrees of similarity were found between patterns of 
forest floor mass, organic C, net N mineralization, net nitrification and available P. No similarity was found between 
soil texture or pH and other properties. Fine-scale spatial patterns of net N mineralization and net nitrification are 
likely driven by overstory litter inputs, rather than variation in soil texture and water availability. 

Introduction 

Soils in tropical regions display more spatial variation 
than previously suggested by the literature (Richter and 
Babbar, 1991). This variation directly controls plant 
growth and is likely equivalent to, or greater than, that 
of soils in temperate regions. Tropical dry forests are 
particularly important because about 40% of the earth's 
tropical and subtropical lands are dominated by open 
or closed forest, of which 42% is dry forest (Murphy 
and Lugo, 1986). In these ecosystems, spatial varia- 
tion in soil properties may be linked to differences in 
geological substrate, soil texture, topography and other 
factors affecting the development of soil and vegeta- 
tion. Some of this variation may occur at the scale of 
kilometers, while other properties may vary over only 
a few meters or less (Robertson, 1987; Robertson et 
al., 1988; Trangmar et al., 1985; Yost et al., 1982). 
Recognizing spatial variation in soil properties is nec- 
essary for better understanding the spatial distribution 

of plants within an ecosystem and making more precise 
estimates of soil properties. 

The causes of spatial variation differ according to 
scale. In Guanica, a subtropical dry forest in Puerto 
Rico, Lugo et al. (1978) found significant differences 
in soil properties associated with dry forest communi- 
ties. For example, scrub forest occurred on the sandy 
soils, which had a low water holding capacity, while a 
transition between deciduous and semi-evergreen for- 
est grew on soils with a high clay content and water 
holding capacity. Thus, the spatial distribution of veg- 
etation at a landscape level in dry forest reflected vari- 
ation in soil properties. On a finer scale, net nitrogen 
(N) mineralization rates, as well as organic carbon (C) 
and other soil properties in a tropical dry forest in India 
were related to slope position (Raghubanshi, 1992). 

Classical statistical procedures assume indepen- 
dence among samples. Values for soil properties, how- 
ever, are not randomly distributed within ecosystems 
or across landscapes; they are regional in their distribu- 
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tion. As such, some soil samples are more similar than 
others based on the distance separating their locations. 
While this intuitive concept is not new or surprising, 
it is usually not considered when measuring or esti- 
mating values for ecological properties (Legendre and 
Fortin, 1989; Robertson, 1987). Geostatistical proce- 
dures account for spatial autocorrelation and can be 
used to estimate the spatial distribution of soil prop- 
erties. By utilizing geostatistical procedures one can 
recognize the spatial dependence of various soil prop- 
erties, improving precision and accuracy when esti- 
mating values for a region or for points not sampled. 

Little is known about the spatial variation of soil 
properties in tropical dry forest ecosystems. Conse- 
quently, examining their spatial distribution may deter- 
mine how they influence each other, leading to better 
understanding of the role they play in plant growth and 
ecosystem-level processes. Our objective was to exam- 
ine the spatial variation in soil properties in a tropical 
dry forest ecosystem, and to determine the scale at 
which they became spatially independent. To accom- 
plish this, we used geostatistical techniques to study 
spatial variation of soil properties in a tropical dry for- 
est in St. Lucia, West Indies. We also compare values 
for soil properties in our study with those reported for 
other tropical dry forests. 

Study area 

The island nation of St. Lucia (14 ° N, 61 ° W) is located 
in the eastern part of the Caribbean Sea. Its mountain- 
ous landscape is covered with a mix of banana agricul- 
ture and various types of forest vegetation. Although 
only 42.5 km long and 21 km across at its widest point, 
St. Lucia hosts seven Holdridge Life Zones (Organi- 
zation of American States, 1987), because of drying 
coastal winds, orographic rain, and steep topography. 

The island is volcanic in origin, and our study area 
was located in an area of andesitic agglomerate and 
tuff parent materials (Organization of American States, 
1987). Soils formed in these materials were primarily 
Franciou Stony Clay and Hardy Clay (Stark et al., 
1966). These soils are classified as an Inceptisol and a 
Vertisol, respectively (Ahmad, 1990). 

The tropical dry forest life zone and the transi- 
tion to very dry tropical forest cover about 34% of 
the island (average temperature 26 °C, annual rainfall 
1000 to 2000 mm; Organization of American States, 
1987). Most of this area, however, is dominated by a 
secondary scrub forest, the result of many decades of 

repeated harvesting and agricultural abandonment. We 
located a small stand (ca. 0.5 ha) of relatively undis- 
turbed secondary tropical dry forest near the commu- 
nity of Lumiere on the east coast of St. Lucia. Striking 
differences in species composition, canopy height, for- 
est structure and tree diameter distribution were evi- 
dent when comparing the more developed forest veg- 
etation of our study site to the nearby scrub forest 
vegetation (O. Gonzalez 1991, personal observation). 

A number of the dominant tree species (e.g., lnga 
laurina, Ocotea membranaceae), found in this site 
were not encountered in the more disturbed portions 
of the dry zone, but can be found in remaining moist 
forests. Vegetation in areas surrounding our study site 
had been under the pressure of forest cutting and live- 
stock grazing, and is shorter, more open, and virtually 
absent of large trees; the majority of stems were 4 cm or 
less in diameter (O. Gonzalez 1991, personal observa- 
tion). While precise dates of disturbance are unknown, 
a remnant charcoal pit within our study site indicates 
that clearcutting for fuelwood had occurred in the past. 

Canopy dominants in our study site consist of Inga 
laurina (Sw.) Willd., Ocotea membranaceae (Sw.), 
and Coccoloba swartzii Meissner in DC. with a sub 
canopy dominated by Inga laurina, Ocotea mem- 
branaceae and Chrysophyllum argenteum Jacq. The 
most abundant species in the understory were O. mem- 
branaceae, I. laurina, C. argenteum and C.swartzii. 
The shrub layer consisted mainly of O. membranaceae, 
C. argenteum, C. swartzii, Myrcia deflexa (Poiret) DC., 
and other Myrcia species. Diameters-at-breast height 
(1.3 m) ranged from 1 to 45 cm. The site had a slope 
varying between 25 to 49% with a west aspect. 

Field and laboratory methods 

In July 1990, we established a 56 x 56 m grid and col- 
lected samples at 4-m intervals (225 sample points). 
We collected forest floor (leaves, small twigs and 
reproductive structures) samples using a 0.25 x 0.25 
m frame and extracted surface soil samples (0 to 10 
cm of mineral soil) using a Dutch auger. Forest floor 
and soil samples were each stored in porous Tydac 
bags. All samples were transported to the University 
of Michigan for analyses. Forest floor samples were 
oven dried at 70°C to a constant weight, whereas soil 
samples were air dried in their Tydac bags. Soil aggre- 
gates were broken manually using a mortar and pestle, 
prior to passing all material through a 2-mm sieve. All 
analyses were conducted on air-dried soil. 



Soil texture was determined using a 40-g subsam- 
pie following the hydrometer procedure described by 
Gee and Bauder (1986). Soil pH was measured in a 
1:1 soil:water (deionized) mixture with a Beckman 
pHI 70 pH meter. Soil organic C was determined col- 
orimetrically following dichromate oxidation (Nelson 
and Sommers, 1982). Available phosphorus (PO 3--P), 
was determined on a 2-g subsample of soil extracted 
with 12 mL of Bray's solution (Olsen and Sommers, 
1982). The P concentration of the centrifuged filtrate 
was determined using automated colorimetry (ALP- 
KEM RFA 300, ALPKEM Corporation, Clackamas, 
Oregon). 

Potential net N mineralization and nitrification 
were determined using an aerobic incubation tech- 
nique. A 10-g subsample of air-dried sieved soil was 
extracted with 2 M KCI (Keeney and Nelson, 1982). 
Initial NH +-N and NO 3-N in the extracts were deter- 
mined using automated colorimetry (ALPKEM RFA 
300, ALPKEM Corporation, Clackamas, Oregon). A 
second set of subsamples (10 g) was brought to field 
capacity and incubated aerobically at 30 °C for 49 d. 
Weights at field capacity were recorded and incubat- 
ed samples were maintained at these weights by one 
daily addition of deionized water. The selected incu- 
bation temperature of 30 °C was high enough to allow 
increased rates of microbial activity, while not causing 
sample dessication. At the end of the, incubation peri- 
od, samples were extracted with 2 M KCI and analyzed 
for NH +-N and NO~--N as described above. Potential 
net N mineralization was calculated as the increase in 
NH+-N and NO3-N over the 49 d incubation. Simi- 
larly, potential net N nitrification was the increase in 
NO 3-N alone. 

Statistical and geostatistical methods 

Geostatistical methods require using data sets with nor- 
mally distributed values. Data for each soil property 
were checked for normality and transformed if appro- 
priate. In order to test for spatial dependence among 
sample points, we computed semivariograms for each 
soil property. A semivariogram is a graphical indi- 
cation of the degree of spatial autocorrelation mea- 
sured for a particular random variable in a sample set; 
it is a statistical model of spatial dependence (Rossi 
et al., 1992). A semivariogram displays the change 
in the semivariance between samples as the distance 
between them increases. Semivariance is defined as 
half the expected squared difference between sample 
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values separated by a given distance or lag, h (Burgess 
and Webster 1980a; Trangmar et al., 1985; Vieira et 
al., 1983). The semivariance ('7) at a given lag (h) is 
estimated using the following equation (Equation 1; 
Trangmar et al., 1985; Vieira et al., 1983): 

N(h) 
1 

'7(h) - 2N(h) ~ [ Z ( X i )  - -  Z(Xi q- h)]2 (1) 
i=l 

Where Z is a regionalized variable (i.e., a soil prop- 
erty), z(xi) is a measured sample at point xi, z(xi + h) is 
a measured sample at point xi + h, and N(h) is the num- 
ber of pairs separated by distance or lag, h (Robertson, 
1987). 

A semivariogram graphically expresses the rela- 
tionship between the semivariance and the distance 
between points. It has three statistics: the nugget, 
sill, and range (Burgess and Webster, 1980a). The 
nugget, also known as the stochastic variance, repre- 
sents variability not accounted for by the model either, 
because of fine-scale variability (i.e., less than the sam- 
pling interval), or measurement error (Trangmar et al., 
1985). If the semivariogram curve passes through the 
origin, it fully describes the spatial dependency of the 
soil property, with spatial dependency accounting for 
all of the semivariance within the range. Usually, how- 
ever, the curve does not pass through the origin and this 
discontinuity is called the 'nugget' or 'nugget effect'. 
The range (also called the zone of influence), defined 
as the distance at which the sill is achieved, represents 
the average maximum distance over which two sam- 
ples are related (Yost et al., 1982). In this paper, we 
define the main zone of influence as the range where 
the data most closely fit the model or where the mod- 
el begins to level off (i.e. where the slope approaches 
zero). This represents the distance within which spatial 
autocorrelation is the strongest. The sill, or structural 
variance, is the value of the semivariance where the 
model levels off (Trangmar et al., 1985), and approx- 
imates the total variance in the sample. The percent 
of the sill accounted for by the nugget is sometimes 
called the relative nugget effect (Isaaks and Srivasta- 
va, 1989). 

Appropriate models to describe the semivariance 
were selected through a least-squares best-fit proce- 
dure, selecting the model with the highest coefficient 
of determination and lowest nugget variance. The mod- 
el and its parameters were used in a kriging procedure 
to estimate values for points in space that were not 
sampled. Kriging is a procedure in which a weighted 
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average of values of sampled points in a neighborhood 
is used to estimate a value for an unsampled point in 
that neighborhood (Trangmar et al., 1985). We used 
block kriging (Burgess and Webster, 1980b; Trangmar 
et al., 1985) to produce spatial maps of soil proper- 
ties. In this procedure, values are estimated for areas 
or blocks with xo as the block center, rather than for 
points as in punctual kriging (Equation 2; Trangmar 
et al., 1985). We chose to estimate values for unsam- 
pled locations using block kriging rather than punctual 
kriging, because block kriging allows the division of 
the sample area into discrete blocks for which an esti- 
mate is provided. Thus, values are estimated for small 
regions, rather than points. This approach is desirable 
when nugget variances are high, and when an aver- 
age value estimate for each square on a sampling grid 
is preferred over an estimate for each point at some 
regular interval (Burgess and Webster, 1980b). 

N 
7,(W) = Z / ~ i z ( x i )  (2) 

i=l 

The kriged value for a soil property Z for any block 
V is a weighted average (where "~i is the weight) of 
the measured sample values xi in the neighborhood 
of the block (Trangmar et al. 1985). The kriged val- 
ues were then used to produce maps with isopleths or 
regions of different values for each soil property. These 
maps display the regionalized nature of the measured 
soil variable. All geostatistical procedures and map- 
ping were performed using a personal computer-based 
geostatistical software package (GS +, Gamma Design 
Software, Plainwell, Michigan). 

Results 

All variables, except available P, exhibited no serious 
deviations from normality. Available P was lognor- 
mally distributed, and was log transformed (ln x) and 
back transformed (e x) for geostatistical analysis. The 
range of values and the mean value obtained for each 
soil property is displayed in Table 1. Textural classes 
ranged from sandy loam to clay, although all sam- 
ples except for two were in the loam or heavier class- 
es. Potential net mineralization and nitrification were 
equivalent because virtually all mineralized NH + was 
oxidized to NO~- (Table 1). 

For most properties, half or less of the observed 
variation was due to spatial autocorrelation, as evi- 
denced by the height of the intercepts above the origin 

(i.e., relative nugget effect; Fig. 1, Table 2). Forest 
floor, organic C and available P were most strongly 
autocorrelated at distances of 24 m or less (Fig. 1, 
Table 2). Silt + clay exhibited a zone of influence of 
20 m, while autocorrelation for pH extended to 42 m. 
Potential net N mineralization and nitrification were 
almost identical, each with zones of influence of about 
13 m (Fig. 1, Table 2). 

Nugget variances for net N mineralization and net 
nitrification account for 69% and 66% of the sill, 
respectively. Thus, 31% of the mineralization variance 
and 34% of the nitrification variance may be account- 
ed for by spatial autocorrelation (Figs. 1E and IF). 
The semivariogram for net N mineralization suggests 
that some autocorrelation exists between samples less 
than 36 m apart and that the strongest autocorrelation 
is between samples less than 13 m apart. This dis- 
tance (13 m) represents the strongest zone of influence 
also for net nitrification. Available P displayed a lower 
relative nugget effect with the nugget accounting for 
55% of the sill (Fig. 1G); it exhibited a main zone of 
influence of 24 m. 

Maps of soil properties produced from the block 
kriging procedure are presented in Figure 2. Because 
the majority of mineralized N was oxidized to NO 3 , 
spatial representations of mineralization and nitrifica- 
tion are almost identical (see Figs. 2E and 2F). There 
also appears to be some correspondence between these 
processes and organic C (Fig. 2D). Areas of low net 
mineralization and nitrification in the upper right of the 
plot and in the center of the plot, roughly correspond 
to two of the regions lowest in organic C. The area of 
low mineralization and nitrification in the upper right 
region of the plot also corresponds to a region of low 
available P (Fig. 2G). There is some correspondence 
between the regions of high mineralization and nitrifi- 
cation in the east and west of the forest patch and some 
of the regions highest in organic C. The high region of 
organic C in the east connects with another high region 
in the top-center of the plot (Fig. 2D). A similar north to 
east pattern is repeated for available phosphorus (Fig. 
2G). Forest floor mass is high in the top-center area, 
an area also high in organic C and available P (Figs. 
2A and 2G). 

Soil silt + clay and pH exhibited spatial pat- 
terns, although we did not observe spatial association 
between these properties or with the other measured 
properties. Values for pH in the range 5~5-6.0 (medi- 
um acid to slightly acid) were concentrated in the low- 
er left section of the plot, while those between 6.5-7.0 
(very slightly acid to neutral) occurred mainly in the 
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Table 1. Summary statistics for soil properties in a patch of tropical dry forest in St. 
Lucia 

Soil property N Mean Min Max SD Median 

Forest floor (g m -2)  225 779 227 2363 375.6 694 

Silt + clay (%) 223 65.9 41.8 87.6 7.29 66.2 

pH 224 6.32 5.18 7.59 0.42 6.29 

Organic C (%) 223 3.3 1.3 6.0 0.9 3.2 

Mineralization (~g N g -1 ) 218 129 0 237 42.9 127.8 

Nitrification ( /zgNO3-N g - l )  218 137 0 238 43.6 137.1 

Available P (mg kg - I  ) 214 1.23 0.20 5.98 1.17 0.87 

Table 2. Spatial statistics for soil properties in a patch of tropical dry forest in St. Lucia 

Soil property Nugget Sill Relative Main zone of Range Model r 2 

nugget effect influence 

(%) (m) (m) 

Forest floor 430 605.9 71 24 18.48 Exponential 0.948 

Silt + clay 40.7 52.3 78 20 28.56 Spherical 0.841 
pH 0.089 0.213 42 42 57.74 Spherical 0.972 
Organic C 0.71 0.96 74 24 71.20 Spherical 0.806 
Mineralization 1300 1897 69 13 13.67 Spherical 0.607 
Nitrification 1250 1896 66 13 13.42 Spherical 0.652 
Available P 0.241 0.437 55 24 48.18 Exponential 0.923 

upper right and right. Values in the 6.0--6.5 (slightly 
acid to very slightly acid) were found in the remaining 
area of the plot. 

Discussion 

Spatial variation of soil reflects and influences the 
geographic distribution of individual plants and entire 
ecosystems. In the tropical dry forest we studied, soil 
properties were generally comparable to those report- 
ed for similar tropical forests, suggesting that some 
generalizations can be drawn regarding theses poorly 
described soils. Moreover, the spatial representation of 
soil properties from our geostatistical analyses demon- 
strated that soil texture was relatively uniform within 
the plot, while soil organic matter content, N transfor- 
mations, and P availability displayed substantial vari- 
ation at the scale of 24 m or less. These results indicate 
that such variation is likely driven by the spatial dis- 
tribution of individual trees and their litter inputs, and 

do not result from fine-scale variation in physical soil 
properties like soil texture or water holding capacity. 

Soil properties in tropical dry forests 

In our study, soil pH values were lower than the pH 
7.8 reported by Lugo and Murphy (1986) in the Guani- 
ca dry forest in Puerto Rico, which was underlain by 
limestone. Organic C was comparable between these 
dry forests (approximately 3%; Lugo and Murphy, 
1986), and to that reported in India (2%; Srivastava 
and Singh, 1989, 1991). However, our values were 
lower than those reported for seasonally dry forest in 
Belize (7 and 10%; Arnason and Lambert, 1982), and 
for microsites in Guanica where detritus had accumu- 
lated (9 to 11.5%; Lugo and Murphy, 1986). 

In the tropical dry forest we studied, potential net 
N mineralization and nitrification averaged 2.64 N #g 
g-I  d- l  and 2.78 NO~--N #g g-1 d - l ,  respectively. 
In rain forest in Costa Rica, Robertson (1984) used a 
shorter incubation period (9 d) and lower temperature 
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Fig. 1. Semivariograms of soil properties in a patch of tropical dry forest, St. Lucia West Indies. Solid lines are models fitted by a least -squares 
analysis. A Forest floor. Exponential model (r 2 = 0.948): ~'(h) = 430 + 605.9(1-e(-h/18'48)]. B % Silt + clay. Spherical model (r 2 = 0.841): 
7(h) = 40.7 + 52.3 (1.5(h/28.56) - 0.5(h/28.56)3]. C. Soil pH. Spherical model (r 2 = 0.972): 7(h) = 0.089 + 0.213[1.5(h/57.74)-0.5(h/57.74) 3 ]. 
D. % Organic carbon. Spherical model (r 2 = 0.806): 7(h) = 0.71 + 0.96[ 1.5(h/71.20) - 0.5(h/71.20)3]. E. Mineralization. Spherical model (r 2 
= 0.607): "r(h) = 1300 + 1897[1.5(h/13.67) - 0.5(h/13.67)3]. F. Nitrification. Spherical model (r 2 = 0.652): 7(h) = 1250 + 1896[1.5(1d13.42) - 
0.5(11/13.42)3]. G. Available phosphorus. Exponential model. (r 2 = 0.923): "7(h) = 0.241 + 0.437[1-e(--h/48"18)]. 

(24 °C), but found similar rates in 31 and 60+ year 
old stands (3 #g g- t  d- l ) .  In most of our samples, 
nitrification accounted for over 90% of mineralization, 
similar to Robertson (1984) where NO3-N account- 
ed for 95% of mineralized N. In a tropical deciduous 
forest in Mexico, potential N mineralization (7 d incu- 

bation at 20 °C) ranged from 0.30 to 4.12 #g, g-~ 
d -1 over a two year period, with nitrification rep- 
resenting only a small percentage of mineralized N 
(Garcia-Mendez et at., 1991). For a range of tropical 
forest sites in India, Raghubanshi (1992), using a 30- 
d field incubation, found rates ranging from 0 to 1.1 
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#g g-1 d-~ for net N mineralization and 0 to 0.633 
#g g-1 d-1 for net nitrification. Rates obtained under 
different conditions must be compared and evaluated 
carefully, because rates average differently, depending 
on incubation length and temperature. 

Available P had a wide range with a mean of 1.23 
mg kg-1 According to Lugo and Murphy (1986), 1.3 % 
of total P in surface soil in Guanica was extractable. 
Based on their determination of 0.57 mg g-~ for sur- 
face total P, available P in Guanica dry forest was 7.41 
mg kg-: .  While considerably higher than our mean 
value, it is not far beyond our maximum value of 5.98 
mg kg- 1. 

Spatial variation within a tropical dry forest 

General similarity of patterns can be seen when com- 
paring net N mineralization and net nitrification with 
organic C, forest floor mass, and available P. One 
would expect some similarity between N transforma- 
tions and organic C because they both result from the 
decomposition of organic matter. There are other vari- 
ables, not measured or accounted for in this analy- 
sis, that may also influence the spatial distribution of 
organic C and N mineralization. Because of the differ- 
ent plant species present, there may be spatial variation 
in the physical and chemical quality of the leaf litter. 
In a temperate forest dominated by Eastern hemlock 
(Tsuga canadensis) and tulip tree (Liriodendron tulip- 
ifera), Boettcher and Kalisz (1990) found that individ- 
ual trees, primarily through deposition and decompo- 
sition of litter, significantly influenced values for pH 
and net N mineralization in the surface soil. 

The rate of leaf litter decomposition may differ 
among species (La Caro and Rudd, 1985; Wiegert and 
Murphy, 1970) due to initial lignin content or the pres- 
ence of polyphenolic compounds (Melillo et al., 1982; 
Palm and Sanchez, 1990, 1991). Such differences 
could contribute to spatial variation in soil chemical 
properties. In the dry tropical forest we studied, some 
leaves apparently decompose more rapidly than others 
(O. Gonzalez, pers. obs.). For example, canopy species 
Cordia sulcata and Ocotea membranaceae leaf litters 
are thicker and are longer lived than those of Inga 
laurina, also found in the canopy. Another source of 
unaccounted variation is the nutrient contribution from 
fine root turnover, which was shown to be substantial in 
a tropical dry forest in India (Singh and Singh, 1991). 

The magnitude of variation for net N mineralization 
and nitrification is comparable to the landscape-level 
variation found by Zak et al. (1986) between two dif- 

ferent temperate forest ecosystems. Robertson et al. 
(1988), however, found similar magnitude of variation 
within an old field in Michigan. The strong normality 
(mean about equal to median) and relative narrowness 
(about 70% of values fall within one standard deviation 
from the mean) of the distributions for net N mineral- 
ization and net nitrification in our study indicate that 
the mean is statistically acceptable as a good repre- 
sentative of the stand, even though the magnitude of 
variation is equivalent to that found at the landscape 
level in some temperate forests and old fields (Robert- 
son et al., 1988; Zak et al., 1986). 

Slope, ~hich influences the surface transport of 
water and products of decomposition, also may be a 
cause of spatial variation. In an upland pin oak (Quer- 
cus ellipsoidalis) ecosystem, Zak et al. (1991) found 
local topography influenced nitrification with higher 
rates in well-drained top and mid-slope positions com- 
pared with an imperfectly drained bottom-slope posi- 
tion. Nitrogen mineralization and nitrification rates dis- 
played distinct patterns in an old-field ecosystem with 
the highest rates associated with swales (Robertson et 
al., 1988). In a dry tropical forest in India, Raghuban- 
shi (1992) reported organic C to vary topographically, 
with the highest amount being in the top- slope posi- 
tion, followed by mid-slope and foot-slope; rates of 
N mineralization displayed a similar trend. Along with 
topography, forest vegetation differed in the aforemen- 
tioned studies, perhaps contributing to observed differ- 
ences in soil organic C and rates of N mineralization. 
In our study, slope varied from 25 to 49%; however, N 
transformations and other soil properties did not appear 
to vary with topography. Alternatively, our laboratory 
estimates of mineralization and nitrification may not 
reflect the true variation of these processes in situ. 

Spatial autocorrelation at relatively short distances 
(e.g., 24 m) highlights the importance of very local val- 
ues for ecosystem properties and processes. By link- 
ing soil properties, processes, and scale, one might 
be able to identify effects on forest growth. The pat- 
terns of organic C, net N mineralization, net nitrifica- 
tion and available P appear to be the result of biotic 
influences (e.g., leaf and fine root litter input) accu- 
mulating over an unknown length of pedogenic time. 
While these biotically driven patterns display some 
similarities with each other, they show no similarity 
with soil silt + clay or pH. For most of the plot, the 
variation in silt + clay was only 20%. Thus, the main 
similarity in patterned variation observed in the plot 
appears to be independent of silt + clay and pH. The 
observed patterns of soil properties and processes have 



developed over time, and are likely influenced by the 
effects of previous forest stands on the site and prior 
disturbances. 

The fine-scale spatial variation of soil organic C, 
available P, and the processes of net N mineralization 
and net nitrification, appear to be under biological con- 
trol, rather than physical control. Evidence for our con- 
clusion results from the poor correspondence between 
soil texture and the aforementioned soil parameters. 
As such, spatial variation of certain soil properties in 
this secondary dry forest may be more influenced by 
present and past vegetation, rather than soil texture 
or mineralogy. By using geostatistical procedures, we 
have been able to make a more precise determina- 
tion of these patterns than through classical statistical 
procedures, and thus can better understand how these 
patterns may be linked biologically. 

Summary 

Soil properties in the secondary tropical dry forest we 
studied exhibited some spatial autocorrelation at a dis- 
tance of 24 m or less. Specifically, spatial autocorrela- 
tion was strongest for soil pH and available P, less for 
net N mineralization, nitrification and forest floor mass, 
and least for organic C and soil silt + clay. Even at the 
scale of 4 m, a significant proportion of the observed 
variation could not be accounted for by spatial depen- 
dency. Such stochastic variation would be expected 
to be greatest in ecosystems with diverse species, a 
non-uniform canopy, and differences in soil physical 
factors, and least where vegetation is fairly uniform in 
structure and species composition. 

Maps of soil properties show varying degrees of 
similarity among patterns of organic C, net N miner- 
alization, net nitrification and available P, but no sim- 
ilarity with % silt + clay or pH. Results suggest that 
spatial patterns of soil N transformations are likely 
driven by variation in organic matter inputs from plant 
litter production. The relatively narrow range of soil 
textures combined with a small degree of silt + clay 
spatial variation, suggests that the variation observed 
in N transformation was not related to fine-scale dif- 
ferences in soil texture or soil water holding capacity. 
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