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ABSTRACT

The Biolog method was expected to give multiple measures of soil quality by adopting a logistic model and profiling soils
based on the parameters. Soil bacterial communities on a land degradation gradient represented by a tropical forest and its
degraded status, bare ground, in Thailand were profiled with the Biolog method and the antibiotic resistance MPN method.
Results of principal component analysis, redundancy analysis and Wilk’s lambda computation showed the applicability of the
parameters and the methods to obtaining integrated measures of soil quality. All the most significant ordination axes explained
the degradation gradient, while related differently to soil environmental factors, indicating the multidimensionality of the land
degradation and different meanings of the axes as measures of soil quality. It is expected that the current approaches would
help us monitor soil quality and manage lands effectively.
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INTRODUCTION

Multivariate profiling of soils in a spatial extent often
gives integrated measures of soil quality (Sena et al., 2000).
Soil variables respond differently to an impact, and result in
the multidimensionality of difference in soil quality (van
Straalen, 2002). Hence, an observed aspect as a multivariate
data set may give a unique and meaningful integrated
measure of soil quality (Pankhurst et al., 2001)

The soil bacterial community profile is one of such
aspects that reveal multidimensional differences among
soils (Doi & Sakurai, 2003). Soil bacterial community
profiling with the Biolog method (Garland & Mills, 1991)
was expected to give the integrated measures adopting the
approach proposed by Lindstrom et al. (1998). Analyzing
the color development pattern, parameters of a logistic
model are determined, and then the soil is profiled
(Lindstrom et al., 1998). Recently, the applicability of the
approach to analysis of compost maturity was shown
(Mondini & Insam, 2003). Their discovery supports the
applicability to multivariate profiling of environmental
microbial communities.

Donaldson and Henderson (1990) observed
ammonium oxidization in soils, and then found that
parameters given by regression of the oxidization differently
related to soil environmental factors. This suggests that the
parameters proposed by Lindstrom et al. (1998) may give
uniquely meaningful measures of soil quality by reflecting
multidimensional differences among soils. This research
was done to investigate if we can obtain differently
meaningful measures of soil quality based on parameters

adopted in the previous examples (Lindstrom et al., 1998;
Mondini & Insam, 2003).

The Biolog method (Garland & Mills, 1991) was
applied to determination of a land degradation gradient in
Thailand (Doi & Sakurai, 2003). Soils were sampled under
the natural vegetative type (dry evergreen forest) and the
most severely degraded vegetative type, bare ground. Then,
the soils were analyzed with the Biolog method to
determine the parameters. To analyze the data structure,
principal component analysis, redundancy analysis and
Wilk’s lambda determination were performed. Then, the
results were compared with that given by antibiotic MPN
profiling (Doi & Sakurai, 2002).

MATERIALS AND METHODS

Soil sampling, sample preparation and soil physico-
chemical characteristics. The details of the site were
described elsewhere (Doi & Sakurai, 2003). In the Sakaerat
Environmental Station, Thailand, two sampling points were
chosen for dry evergreen forest (DEF, original vegetative
type) and bare ground (BG, the most degraded vegetative
type), respectively (Fig. 1). These sampling points
consistently indicated the degradation gradient, in the dry to
wet seasonal transition, according to the antibiotic resistance
MPN method (Doi & Sakurai, 2002). The slopes (less than
10°) or the altitudes (350 to 490 m above sea level) were
comparable. At each sampling point, six soil cores were
randomly taken in a circle (10 m diameter). A hundred mL
core samplers, 5 c¢cm diameter, were inserted from the
surface to a depth of 5.1 cm. The six soil cores were
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immediately put into a plastic bag, mixed, passed through a
2 mm screen, kept most and immediately brought to the
laboratory. The physico-chemical characteristics were
determined as previously reported (Doi & Sakurai, 2003).
The results are summarized in Table 1.

Biolog method. Each soil sample was profiled with three
Biolog Gram Negative (GN) Il plates. Five grams of each
soil sample was suspended in 45 mL of sterilized water,
reciprocally shaken at room temperature for 30 min at 120
rpm, centrifuged at 1,000 g for 5 min and the pellet was re-
suspended in 45 mL of sterilized water. The centrifugation
and suspending was repeated two times more. The soil
suspension was left still for a minute, and 10 mL of the
uppermost phase was diluted 40 times with sterilized water,
supplemented with cycloheximide (0.36 mM) as fungicide,
then used to inoculate Biolog plate at a rate of 0.1 mL/well.
The plates were incubated at 28°C in the dark and
absorbance at 405 nm was read using an ELISA plate reader
(Model 550, Bio-Rad, California) at 5 to 16 h intervals for 6
days.

Antibiotic resistance most probable number (MPN)
method. The following basal medium (Doi & Sakurai,
2003) included one of the antibacterials listed below. The
basal medium was consisted of 5.75 mM K;HPO4, 4.95 mM
KNOs, 0.82 mM MgSO4+7H0, 0.90 mM CaCly, 1.72 mM
NaCl, 12.3 uM FeCls and 5.56 mM glucose per liter. The
pH was adjusted to 6.0. The antibacterials and
concentrations ~ were: ampicillin (2.87 mM);
chloramphenicol (1.56 mM); dapson (2.02 mM);
erythromycin (0.68 mM); kanamycin sulfate (34.3 uM);
lasalocid (0.85 mM); nafcillin (2.42 mM); nalidixic acid
(0.43 mM); neomycinHCl (22.0 uM); novobiocin (1.89

Fig. 1. Map of the Sakaerat environmental research
station and the sampling points. The figures in the
symbols are replication numbers. Abbreviations: DDF, dry
deciduous forest; DEF, dry evergreen forest
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mM); penicillin G (3.00 mM); spectinomycine2HCI (0.25
mM); streptomycin sulfate (68.6 pM); sulfamethoxazole
(0.40 mM); tetracycline (0.23 mM); and trimethoprim (1.72
mM). The antibacterials were dissolved (Doi in press) and
filter-sterilized using a cellulose acetate membrane filter
(0.20 um, Toyo Roshi Kaisha, Ltd., Japan), then, added to
the basal medium previously autoclaved and cooled to room
temperature. Cycloheximide (0.36 mM) and 2, 3, 5-
triphenyltetrazolium chloride (TTC, 0.20 mM) as a redox
dye were filtering sterilized as the above, and introduced
into the media.

Ten g of soil sample were suspended in exactly 9
volumes of sterilized water (90 mL) and reciprocally shaken
at room temperature for 1 h at 120 rpm. After 20 seconds,
40 mL of the upper part of the suspension was taken and
centrifuged at 1,000 g for 5 min. The pellet was resuspended
in 10 mL of sterilized water and successively diluted 10 to
107-fold with sterilized water. Fifty pL of each dilution was
then added to the microtiter plate well for MPN
determination, with five replicate wells. The inoculated
plates were incubated at 28°C in the dark for 14 days, then,
visual observation of TTC reduction was carried out. Each
MPN for a sample was logio-transformed and devided by
the sum of the 16 transformed values for standardization
(log-ratio transformation, Ter Braak & Smilauer, 1998).
Data analyses. One-way analysis of variance (ANOVA) to
test the significant effect of the deforestation on each soil
physico-chemical characteristic was performed using the
computer software, SPSS 10.0.5J (SPSS Japan Inc., Tokyo).
Using the SPSS software, the three kinetic parameters
(Lindstrom et al., 1998) were determined. Adopting the
criterion described by Mondini and Insam (2003), variables
that resulted in bad fit were eliminated, then, the number of
variables reduced to 79. The 79 variables were used for
calculation of average well color development (AWCD,
Garland & Mills, 1991). An AWCD for a sample at a
particular time was the average of absorbance values for the
79 carbon sources. The 79 variables at AWCD values of 0.8
and 1.5 and data sets on ratio-transformed parameters and
MPNs were used for principal component analysis (PCA) to
elucidate variation pattern of soil bacterial community
profile using the SPSS software. Using CANOCO for
Windows 4.02 (Microcomputer Power, NY) the above data
sets were analyzed by redundancy analysis (RDA), which is
a multivariate statistical technique to relate species
distribution pattern and environmental factors in decreased
dimensionality. RDA detects linear species distribution
patterns against the significant environmental gradients (Ter
Braak & Smilauer, 1998). The significant environmental
gradients are shown as vectors from the origin of the
ordination diagram, in which the soil samples are located
according to their scores on the ordination axes. In RDA,
the soil physico-chemical characteristics were integrated as
the environmental factors. To determine the significance of
the soil environmental factors and that of the first RDA
axes, Monte Carlo permutation tests were done at 199
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random permutations. To measure discrimination power of
the profiling methods, Wilk’s lambda statistic and its
significance were determined with the SPSS software.
Wilk’s lambda ranges 0 to 1. The more different the data
sets are the closer Wilk’s lambda converges to 0.

RESULTS

The degrading impact was shown as the most
significant source of variation of soil bacterial community
profile (Fig. 2). The sample groups were separated mainly
based on the first PC scores. The PC score plots for the
AWCD values and parameter S indicated the suitability for
determining the degradation gradient by depicting PC score
plot. The antibiotic method again determined the
degradation gradient in the ordination space. On the
contrary, parameter R less clearly, and parameter K poorly,
determined the gradient in the PC score plots.

All the first RDA axes in Fig. 3 were significant (p <
0.02), and the eigenvalues were 0.238 (parameter K) to
0.462 (0.8 AWCD). While the first axes explained the
degradation gradient, the relationships to the environmental
factors are shown to be different among the profiling
methods and the  parameters, indicating the
multidimensionality.

Table 1l shows that parameters R and S relatively
better found all major and minor differences between the

Table I. Characteristics of the soils

DEF and the BG soil bacterial communities. The data sets
on the AWCD values and the antibiotic resistance MPNs
suggested the applicability to finding major and minor
differences between the DEF and the BG soils, while
parameter K did not. The data sets on the AWCD values
well discriminated among all the soil samples, while
parameters S and K less successfully discriminated.
Discriminating among all the samples based on the other
data sets was unsuccessful.

DISCUSSION

The change in soil bacterial community structure was
thought to be important in determining the degradation
gradient with the Biolog method (Mondini & Insam, 2003).
The anthropologic degrading impact resulted in changes in
soil bacterial community structure revealed by sole carbon
source MPN profiling (Doi & Sakurai, 2003) and antibiotic
resistance MPN profiling (Fig. 2) (Doi & Sakurai, 2002).
The number of NHz-oxidizing bacteria was a significant
factor that related to kinetic parameters of the oxidation in
soils (Donaldson & Henderson, 1990). The initial number of
inoculated bacterial cells is a determinant of the growth
pattern (Oginsky & Wayne, 1955), and the growth
contributes to the color development in the Biolog well
(Lindstrom et al., 1998). Therefore, changes in soil bacterial
population structure following the deforestation and the soil

Vegetative Repli-cates Moisture  Bulk pH EC Total C Total N CIN ExchH Exch Al Soail color
type content (%) density (dsSmt)  (gkgldry (gkg'dry (megkg? (meqkg?
(kg LY soil) soil) drysoil)  dry soil)

Dry 1 25.2 0.85 6.20 10.64 354 3.83 9.24 342 0.00
evergreen Dull yellow
fores% 2 219 1.09 5.82 6.83 21.6 223 9.69 157 0.00 brown
Bare ground 1 14.0 157 5.05 2.27 7.85 0.84 9.35 5.50 14.0 Reddish

2 11.8 1.30 512 4.06 7.58 0.68 11.2 2.77 1.03 brown
ANOVAF — * NS * NS NS NS NS NS NS —

+The one-way ANOVA was performed hypothesizing vegetative type as the significant source of variation; *Vegetative type was a significant source of variation
of the soil physico-chemical characteristic according to the ANOVA (p < 0.05); NS Vegetative type was not a significant source of variation of the soil physico-
chemical characteristic

Table I1. Comparison of discrimination power of the methods

Comparisons

DEF and BG All samples

Profiling method Data analysis Parameter Lambda p Lambda p
Biolog 0.8 AWCD' - 0.004 0.151 0.000 0.110
1.5 AWCD - 0.011 0.254 0.000 0.010
Logistic K 0.040 0.446 0.001 0.305
regression R 0.000 0.048 0.029 0.949
S 0.001 0.079 0.000 0.220
Antibiotic resistance MPN — — 0.009 0.233 0.004 0.662

tAverage well color development
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Fig. 2. Principal component score plots for the methods,
the AWCD values and the parameters. Each value in the
parenthesis indicates the percentage of variation explained by

the axis.

Fig. 3. Redundancy analysis ordination diagrams for the
methods, the AWCD values and the parameters. Each
value in the parenthesis is eigenvalue for the axis. The
solid and broken lines indicate significant environmental
gradients at p=0.05 and 0.10, respectively

The triangle and diamond/square indicate DEF and BG, respectively. These symbols correspond to that in Fig. 1. (See Fig. 1

for the locations)
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degradation should have contributed to the determination of
the degradation gradient.

The soil environmental gradients (Table 1) were
differently reflected on variation patterns of soil bacterial
community profile revealed by the parameters and the
methods (Fig. 3). Pankhurst et al. (2001) showed that
groups of phospholipids fatty acids in the same set of soil
samples have independence from each other in reflecting
soil environmental gradients. It was also shown that
different groups of soil invertebrates (Hemerik & Brussaard,
2002) or bacteria (Doi in press) in a spatial extent may
differently reflect variation of soil quality. On the other
hand, the multidimensionality seen in this research should
not relate to differences in observed soil molecular or biotic
group, but to differences among the data sets on the kinetic
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parameters and the AWCD values determined by profiling
the same set of soil bacterial communities. The
multidimensionality seen in the current research is expected
to be worth being compared with that in other cases
involving observation of multiple molecular or biotic
groups.

Parameter S was expected to clearly determine the
degradation gradient in the PC score plot (Mondini &
Insam, 2003), while parameter R was not (Donaldson &
Henderson, 1990; Mondini & Insam, 2003). This trend was
shown in Fig. 2. The data sets on the AWCD values,
parameter S and antibiotic resistance MPNs were suitable
for clarifying the most significant variation of soil bacterial
community profile, and gave reliable first RDA axes with
high eigenvalues as was shown by Jhonson (1996) and
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Kourtev et al. (1998). The current research and the previous
findings imply that determining a gradient of interest as a
major source of variation of multivariate soil profile is an
important prerequisite for obtaining a reliable integrated
measure that relates the gradient to environmental factors.

In the PC score plot, parameter R less successfully
determined the degradation gradient when compared with
the data sets on an AWCD of 0.8 and the MPNs. On the
other hand, the small Wilk’s lambda value for the DEF-BG
comparison shows that parameter R could well determine
minor differences between the DEF and the BG soils.
Wilk’s lambda computation involves all the variation
including minor one, while a PC score plot indicates only
selected variation. In some cases, minor Vvariation
significantly correlates to important gradients of soil quality,
and may predict occurrence of plant disease (Francl, 1993)
or above ground biomass (MacMillan, 1991). From this
viewpoint, parameter R can still be expected to give useful
information. It can also be said that the data sets at an
AWCD of 0.8 and the MPNs comparably showed the major
variation among all the soil samples (Fig. 2), while the data
set on an AWCD of 0.8 included more definite minor
variation among all the samples (Table I1), seemingly owing
to the larger number of variables.

The parameters showed the possibility of adding

observation windows for monitoring soil quality. By
utilizing data sets on the parameters, we may obtain new
integrated measures of soil quality. A parameter may give a
reliable measure when another does not, complementing
one another, in clarifying major or minor variation.
Therefore, it would be worth considering the utilization of
the parameters as well as AWCD data sets and other
profiling methods.
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