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Abstract: The study aimed at characterizing the distribution of lunnyu soils in the Take Victiria Basin of Uganda
at field and landscape level. At field-level, soil samples were collected from the center pomnt square grids
obtained by laying a 180x180 m plot. At spacing of 20x20 m, 81 sampling points were georeferenced and
samples taken at two depths (0-20 and 20-40 cm). And an additional 19 random locations within the plot were
taken to make a total of 100 sampled locations. The soil properties analyzed were texture, pH, available P and
exchangeable bases. Variograms that were used to describe the spatial structure of the soil properties were
generated in VESPER (Variogram Estimation and Spatial Prediction with ERror) Version 1.6. All the soil
properties, except silt showed spatial dependence at both depths at the scale of study. Phosphorus, Ca, Na and
sand showed shorter ranges of between 42 and 58 m all in the top seil but the other properties in top and
subsoil have larger ranges of 149 m. Overall, the spatial distribution of the soil properties mn the sampled lunnyu
patches are not straightforward. Tn order to resolve the lunnyu problem, objective identification of lunnyu
patches should be sought followed by careful monitoring of crop performance under different soil fertility

management interventions.
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INTRODUCTION

Heterogeneity i1s an inherent quality of soil that
typifies its amsotropy and in a natural landscape. It
represents a wide variety of spatially varied soil attributes
and as a result of the interaction of the processes that rule
soil formation (Junior et «l, 2006). The unnyu
phenomenon has been described by local farmers in
Masaka district for example as being a state of infertility
occurring in patches ranging between 50-100 m?’. Unlike
the basic principles of experimentation established by the
classical statistical method that considers soil variability
to occur entirely at random, the fact that soil attributes
show strong spatial dependence (Journel and Huijbregts,
1991) warrants a geostatistical analysis. It 1s hypothesized
that lunnyu soils are an erosion phase and/or chemical
degradation that occurs at landscape positions with
greater intensity of hydrological processes (e.g., runoff,
erosion). The aim of this analysis was to describe, the
spatial variability of limnyu soils at field level mn order to
understand the relationship between soil variability and
slope.

STUDY AREA AND METHODS

The site where the study was carried out is one of the
sites previously identified as a lunnyu-affected area

(Tenywa, 2004). The taxonomic unit of the soil is a
Chromic Lixisol. With the help of a farmer, boundaries of
the area perceived to be lunnyu affected drawn basing on
performance history of crops judged by the farmer. The
garden was planted with a mixture of bananas (Musa sp.)
and beans (Phaseolus sp.). Soil samples were collected
from the center point square grids obtained by laying a
180x180m plot. The pomt map for the sampled location 1s
shown in the (Fig. 1). The plot contained 81 sampling
points at spacing of 20%20 m. An additional 19 random
locations within the plot were taken to make a total of 100
sampled locations. The size of the garden was selected go
bevond the supposed boundaries of the lunnyu area. The
elevation of the area ranged between 1,281 and 1,311 m
above sea level and an almost uniform slope of 12% from
top to bottom of the slope (Fig. 2). A Digital Elevation
Model (DEM is valuable in describing topography across
a site. The DEM was constructed by kriging interpolation
of elevation measurements taken during the geo-
referencing process.

The total area of the plot was 32,400 m”. A venture Cx
Global Positioning Systemn (GPS) umt configured for
World Geodetic System (WGS) datum was used to collect
in the Universal Transversal Macator Projection (UTM)
coordinate system for each sample point. During the
geo-referencing process, the GPS umt was held
vertically above the sample point The soil attributes
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Fig. 1: Point map of sampling locations relative to lunnyu

so1l

t
»

1311 m

Fig. 2: Digital Elevation Model (DME) for the sampled
lunnyu soil in Masalka, Uganda

studied were texture, pH, organic carbon, available P,
exchangeable bases (Ca, K and Mg) and Mg, at two
depths (0-20 and 20-40 ¢m) representing top and subsoil,
respectively.

Available P was determined using Brady and Kurtz
No. 1 method. The so1l was extracted by Brady 1 solution
and the P determined by the calorimetric procedure using
a spectrophotometer. Soil pH was determined using a pH
meter.

Exchangeable K, Ca and Mg were measured by
treating the soil samples with excess 1 M ammomum
Later, the of
exchangeable sodium and K in the extract were measured
by flame photometer and the concentration of Ca and Mg

acetate  solution. concentrations
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was measured by atomic absorption spectrophotometry
(Anderson and Ingram, 1989). Laboratory analysis was
done in the soils science laboratory of the Faculty of
Agriculture, Makerere University. Data were statistically
analyzed in three phases:

» Data were described using descriptive statistics
(mean, median, standard deviation, coefficient of
variation and skewness)

»  Geostatistical analysis 1s most efficient when done on
variables that have normal distributions (Webster and
Oliver, 1990) because it requires the assumption that
the observed data are a realization of a random
function which is intrinsically stationarity. Under
stationarity, observations of a single realization of the
random function at different positions can be treated
as a form of replication. The data have to normal to
satisfy the stationarity assumption. Therefore, the
frequency distribution of each soil property was
examined for outliers and the tests for normality using
the Anderson-Darling test

coefficients between the different

variables were calculated. The statistical analysis of

*  Correlation

data was carried out using GenStat Discovery Version
3 (VSN International Ltd, UK)

s (Geostatistical analyses involved three steps. For each
variable y, a geostatistical analysis was done by
estimating the variogram:

TRRLLY

=

N & [z,(x)—z,(x, +h)]

Where:
¥(h) = Semivariance at lag h

h = Distance between data pairs (z,(x)-z,(xth)) (or:
lag)

N = Total number of data pairs (z,(x)-z,(x+h))

7, (%) = Variable u at location x,

Tt included calculation of empirical variograms and
determination of the best fitting model 7(h) =C, + C, f{b)
as judged by the mean squared error where, f(b) is any
permissible variogram function, cO the nugget variance, cl
the sill value and b the range (Chiles and Delfiner, 1999,
Webster and Oliver, 1990) 1ograms were used in
geostatistical interpolation {ordinary kriging), followed by
display of predicted values as a map. The variability
structure was assumed to be 1sotropic for all the variables
over the study area. Prediction performance was
evaluated using the Root Mean Square Prediction Error
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(RMSE). The RMSE provides a summary of the difference
between the true (measured) and predicted control point
coordinates. The program used for geostatistical analysis
was VESPER (Variogram Estimation and Spatial Prediction
with ERror) Version 1.6.

RESULTS AND DISCUSSION

Statistical analysis: The descriptive statistics for all
measured soil properties in the top and subsoil are shown
in Table 1. The lowest coefficient of variation obtained
was 6.98% for pH in the topsoil and the highest was
396.62% for exchangeable Na i the subscil. The
variability of available P and exchangeable K were much
higher for both top and subsoil depths compared to any
other soil property measured.

Conversely, pH was the least variable in both the top
and subsoil with coefficient of variation of 6.98 and 7.99,

respectively. Exchangeable Mg varied more in the topsoil
than in the subsoil but was on average, lugher in the
topsoil. The ranges m sand, silt and clay were wide in
both top and sub soils. In the topscil, mean sand and
clay were all lower than in the subsoil but silt was higher
1n the topsoil than in the subsoil.

The correlations among the various soil properties are
shown i Table 2. For clay content, the correlation
observed with other soil properties in both the top and
subsoil was negative except for Na and K in the top and
subsoil, respectively. At 5% significance level all the soil
properties correlated with at least two other properties in
the set, except for Na in the subsoil. The highest
correlation was observed between clay and sand in the
subsoil but was also comparatively lugher i the topsoil
being negative at both depths.

The highest positive correlation was observed
between Mg and Ca in the subsoil. Mg and Na in the top

Table 1: Descriptive statistics of field-level lunnyu soil in the 1. Victoria basin, Uganda

Statistic pH P (ppm) Ca (ppm) K (ppm) Mg (ppm) Na (ppm)  Sand (%) Silt (%9) Clay (®0)
Top soil

Mean 6.46 13.96 6.45 0.76 2.20 0.08 48.66 15.96 35.32
Starndard error of mean 0.05 1.50 0.28 0.08 0.10 0.01 0.70 0.49 0.61
Median 6.50 8.98 6.08 0.39 2.10 0.07 50.00 16.00 34.00
Minimum 5.00 3.78 1.35 0.16 0.22 0.03 10.00 8.00 18.00
Maximum 7.50 99.59 21.00 3.82 7.65 047 64.00 46.00 56.00
Coeficient of variation 6.98 107.35 43,95 100.19 46.39 70.56 14.43 31.00 17.21
Skewness -0.33 3.15 1.49 1.77 1.62 5.24 -2.61 3.08 0.51
Sub soil

Mean 6.46 10.37 5.59 0.62 1.82 0.10 46.06 12.78 41.32
Starndard error of mean 0.05 1.09 0.21 0.07 0.07 0.04 0.51 0.39 0.64
Median 6.60 6.68 5.33 0.31 1.96 0.05 46.00 12.00 44.00
Minimum 4.90 1.54 1.35 0.16 0.19 0.00 32.00 6.00 24.00
Maximum 7.50 94.59 12.90 2.93 3.62 4.00 60.00 24.00 58.00
Coeficient of variation 7.99 104.74 37.81 108.73 35.80 396.62 11.00 30.25 15.39
Skewness -0.69 5.14 0.71 2.05 0.23 9.80 -0.17 0.52 -0.14
Table 2: Speanman rank correlation of field-level lunnyu soil properties

Soil properies Elevation pH r Ca Mg K Na Sand gilt
Top soil

Ph 0.13 - - - - - - - -

P 0.14 (.33%# - - - - - - -
Ca 0.06 (.27%# 0.28%** - - - - - -
Mg 0.07 0.16 0.20% 0.66%* - - - - -
K 0.11 0.15 0.24* 0.56%* 0.46%* - - - -
Na 0.10 0.03 0.07 0.28%* 0.74%* 0.37%* - - -
Sand -0.22% 0.21* 0.33%* 0.24* -0.22% -0.05 -0.58%* - -
Silt 0.13 0.10 0.03 0.12 0.44%* 0.14 0.61%* -(.53%*

Clay 0.19% (.32 -0.4(H# -0.36%# -0.10 -0.05 0.17 -(.73%* -0.19
Sub soil

pH -0.05 - - - - - - - -

P 0.11 0.18 - - - - - - -
Ca -0.09 (.38%# 0.45%* - - - - - -
Mg -0.08 (.31 % 0.38%* 0.76%* - - - - -
K 0.16 0.23 0.37%* 0.36%* 0.28%* - - - -
Na -0.04 0.13 -0.02 -0.07 -0.06 0.03 - - -
Sand -0.16 .33 0.27%# 0.19 0.21* -0.01 0.13 - -
Silt -0.05 0.25% 0.02 0.27%* 0.17 -0.06 0.4 0.03 -
Clay 0.19 0,42 -0.24* -0.33%* -0.28%* 0.03 -0.13 -0.81%* -0.5G%

Values with* and ** were significant correlated at 0.05 and 0.01 alpha level, respectively
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Table 3: Descriptive statistics of transformed lunnyu soil properties, Uganda

Top soil Sub soil
Statistics r K Na Rilt r K
Statistical Log, Log, Square Square Log, Log,
transformation root root
Mean 1.07  -0.29 0.26 3.89 0.88 -0.38
Median 1.01 -0.41 0.27 4.00 0.82 -0.51
Minimum 0.58 -0.80 0.20 2.83 0.59 -0.80
Maximum 2,00 0.58 0.33 4.69 146 047
Standard deviation  0.30  0.36 0.79 0.38 0.21 0.35
Coefficient 2813 -126.54 16.22 9.89 23.30 -92.26
of variation®o
Skewness 0.78  0.67 0.02 -045 086 0.99

Table 4: Sill, nugget, range and Root Mean Square prediction Error
(RMSE) lunnyu soil

Range Nugget/Sill
Soil properties Nugget  Sill (m) RMSE ratio (%)
Top soil
pH 012 0.19 149 0.29 63
logP (mg kg™ 0.05 0.06 59 0.08 83
Ca(mgkg ™) 3.53 2.85 43 8.18 124
Mg (mgkg™) 054 035 216 0.78 154
log K (mg kg™ 0.09  0.09 149 0.18 100
Square root 049 0.19 47 314 258
Na (mgkg™)
Sand (%0) 20.92 22.81 46 87.62 92
Clay (%) 26.40 18.87 106 51.43 140
Square root silt (%)  15.29 - - 96.17 -
Subsoil
pH 015 0.23 149 0.52 05
Log P (mgkg™) 0.04  0.01 149 0.04 400
Ca (mgkg™) 4.09 1.88 468 6.03 218
Mg (mgkg™) 038  0.09 149 0.52 422
Log K (mgkg™) 010 0.4 149 0.20 250
Na (mg kg™ 0.00  0.00 149 0.01 0
Sand (%0) 21.77 7.34 171 28.77 297
Clay (%) 3548 8.65 149 46,59 410
Silt (%) 15.06 - - 1694 -

301l were almost as highly positive as was Mg and Ca but
extremely different correlation in the sub soil. Only sand
and clay in the top soil were correlated with elevation.
Whereas the correlation between sand and elevation was
negative, the one between clay and elevation was
positive. This implies that there was more sand at lower
elevations than at ligher ones while there was more clay
at higher elevations.

Geostatistical analysis: Phosphorus, K, Na and silt in the
topsoil and P and K m the subsoil were transformed using
appropriate statistical distributions (Table 3). To estimate
the variograms for each soil property, the exponential
model using normalized data was employed. The
variograms were estimated to a cutoff distance of 180 m
and a lag of 20 m, assuming that there was no amsotropy.
The sill variances of pH, P and exchangeable bases in the
top and subsoil were generally smaller than those of
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textural properties, except silt which showed pure nugget
effect (Table 4). In the top soil, sand and clay had the
highest s1ll and nugget whle silt had a pure nugget.

Phosphorus, Ca, Na and K had shorter ranges
between 42 and 58 m while the ranges of the other soil
properties ranged between 106 and 216 m. Calcium 1n the
topsoil had the shortest range of 43 m but also had the
longest in the subsoil. The patterns of the soil properties
in the subsoil were similar to those in the topsoil. Silt, like
1n the topsoil had a pure nugget (Fig. 3 and 4). Although,
the sill variances of the textural properties m the subsoil
were higher than those of other properties in the same
layer they were generally lower than those in the topsoil.
Except for Ca and sand which had longer ranges of 171
and 468 m, respectively all the other properties had on
average, an equal range of 149 m.

Again like in the topsoil, the prediction errors of the
textural properties were poorer that those of other
properties in the subsoil. Noteworthy 1s the fact that sand
and silt had much smaller prediction errors in the subsoil
than in the topsocil. Considering the RMSE, soil textural
properties were poorly predicted compared to other soil
properties. Silt had pure nugget effect in both the top and
subsoil.

In most part of the sampled site, soil chemical
properties did not show any clear relationship with
elevation and relative location of the lumyu boundary.
Noteworthy 15 that for both top and sub soil, the North-
Eastern part of the study area was high in most properties,
except clay and Na. This part coincides with part of the
lumyu pemuinsula. The elevation m tlhis part was
moderate. The complexity of the compositional and spatial
relationships of the soil properties m this study reflects
the inherently variable nature of soils (Brady and Weil,
2002). Soil redistribution for example is controlled by
factors such as parent material, climate, terrain, land use
and land management interventions. Land management is
an important factor to consider in this study because soils
respond differently to land use management activities.
The mean values of the soil properties were not different
from those obtained in previous studies in the same area
(Taulya, 2004; Tenywa, 2004; Mulumba, 2004). The low
coefficient of vanation extubited by pH 1s characteristic of
the redistribution pattern of soil water which tends to
malke the pH uniform over the area. On the other hand, Na
is a micro-element and its highly varied occurrence in the
soil 1s primarily determined by the source of thus element.
The high variability of P and exchangeable ions for both
top and subsoil, compared to any other soil property
measured could be due to differential vertical (leaching)
and horizontal movement.
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The negative correlation between clay content and
other soil properties is expected because the clay binds
with the 1ons, sometimes making them unavailable in soil
solution or even on the exchangeable form of soil solids.
The proportion of clay and sand has an inverse
relationship because the increase in one leads to a
decrease in the other. The lugh positive correlation
observed between Mg and Ca mn the subsoil 18 because
these two ions have the same factors such as parent
material, leaching and utilization by plants that control
their occurrence and distribution in the soil. The
discrepancy between the top and subsoil Mg and Ca can
be explained by the fact that the differential redistribution
of these ions during illuviation/eluviation.

Silt had pure nugget effect n both the topsoil and
subsoil but it's textural counterparts (sand and clay)
showed spatial dependence over a range of 149 m. This
implies that the spatial distribution of silt in the sampled
area 13 random at the spatial scale at which it was
obtamed. Although, Milne suggested soil-landscape
processes including erosion-deposition and hillslope
solute transport as specific mechanisms for the formation
of soil-landscape
umportant catena concept occur.

Silt ranges (minimum-maximum values) were much
lower in topsoil (15%) and subsoil (18%) when compared
to sand (topsoil: 54%; subsoil: 49%) and clay (topsoil:
39%; subsoil: 34%) content suggesting that most of the
textural variability within the study site was due to
variations in sand and clay. Silt showed much more
homogenous variation across the study site when
compared to heterogeneous patterns in sand and clay
(compare point maps).

The DEM shows lughest values m the southern part
of the study area and lowest in the western and northern
parts. In contrast, sand showed higher values at lower
elevation and clay showed lower values at lower
elevation. The spatial distribution patterns of sand and
clay do not seem to be correlated to topography which
suggests that in situ pedogenic processes (e.g., formation
of secondary clays; pedotwbation) due to their
dominance may mask erosion/deposition process. The
low correlation coefficients between elevation and sand
and elevation and clay indicate hmited influence of
erosion on textual classes in the sampled area.

Theoretically, the flat hilltops (summit landscape
position) would have greater infiltration-potentially
leading to greater eluviation illuviation of clays whereas
the steeper backslope regions would be more prone to
erosion and A-horizon stripping (Brown et al., 2004).
However, given that slope gradient was not so steep and
uniformly sloping, coupled with the varied management

patterns, deviations from these
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practices in the sampled area, the redistribution of soil
textural classes is not straightforward. Generally, spatial
variability of soil chemical properties occurs over shorter
distances compared to the physical ones, other factors
being constant. The reason could be that chemical
properties change rapidly with subtle changes
environmental factors compared to physical
properties. For example, a short rain may cause
dissolution and subsequent horizontal and lateral flow of
a chemical substance without necessarily causing
physical soil movement. In the topsoil, this effect 1s more
pronounced than m the subsoil because the topseil 1s
more exposed.

Calecium in the topsocil having had the shortest range
of 43 m but also having the longest in the subsoil 1s
further evidence to tlus proposition. The field that was
sampled extends beyond one farmers plot and each plot
had different cropping practice. For example whereas the
South-W estern part of the grid was a fallow about 2 years
old, the center part was grown with bananas. (Musa sp.)
intercropped with common beans (Phasiolus vulgaris).
The similarity in the patterns of the soil properties in the
top and subsoil can be explammed by the variability i use
practices with in the field {different parts of the field had
different crops e.g., bananas, sweet potatoes, beans and
fallow).

Range the distance beyond which spatial
dependence between soil samples ceases to exist and it
can be used as indicator of the appropriate cell size for a
field survey in site-specific management. Thus, range is
important both to define the different classes of spatial
dependence for these soil variables and to establish the
sampling interval for future swrveys. The sampling
interval should be less than half of the range of the
variogram as a rule of thumb (Kerry and Oliver, 2003).
Except for Ca and sand which had longer ranges of 171
and 468 m, respectively all the other properties had on
average showed an equal range of 149 m. Future studies
in this area should consider these ranges to optimize
future samplings.

A large RMSE means the errors are widely spread,
while a small RMSE means the errors are packed tightly
around the mean value. The RMSE of the textural
properties were poorer that those of other properties
probably because of varied redistribution resulting from
land management practices in the sampled field. This
situation reveals that soil silt does not show any kind of
spatial dependence while sand and clay show only weak
spatial dependence indicated by the nugget/sill ratios.
According to Wang ef al. (2001) and Grunwald et al.
(2007) 1f the nugget/sill ratio 15 <25%, a variable has
strong spatial dependence between 25 and 75%, the

in
soil

18



Res. J. Soil and Water Manage., I (3-4): 68-75, 2010

variable has moderate spatial dependence; >75% the
variable only shows weak spatial dependence. This
unplies that all the soil properties have weak spatial
dependence, except pH at both depths. There 1s a
possibility that the sample spacing was too coarse to
delineate fine-scale spatial variability of soil properties
considered in this study.

The fact that was neo definite pattern providing
evidence of erosion/deposition processes lends support
to the absence of any clear relationship of soil chemical
properties with elevation and relative location of the
Lunnyu boundary the in most part of the sampled site.
This further suggests irn sifu masking of pedogenic
processes. Noteworthy is that for both top and sub soil,
the North-Eastern part of the study area was high in most
properties, except clay and Na. This part coincides with
just one part of the Lunnyu peninsula. The elevation in
this part was moderate.

CONCLUSION

The spatial distribution of the soil properties in the
sampled field are not straightforward All the soil
properties except silt showed spatial dependence at both
depths at the scale of study. The properties P, Ca, Na and
sand showed shorter ranges of between 42 and 58 m, all
n the top soil but the other properties in top and subsoil
have larger ranges of 149 m. The spatial dependence of
variables was observed to be larger in subsoil than in the
topsoil which suggests the disturbing effect of tillage on
the spatial structure.
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