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Klassifikation und Monitoring der mikrobiellen Biomasse, N-Mineralisation
und Enzymaktivitäten zur Indikation von Umweltveränderungen

1. Introduetion

Soils are natural bodies in the pedosphere and are thus a sen

sitive part of the overall eeosystem. Some of the hazards to

soils include anthropogenie contamination, cultivation,

urbanization and destruction. Certain soil components,

however, will hardly change ar all over the next century (e.g,

mineral content), and monitoring thus should foeus on

those components expected to change more rapidly (e.g.

organie and inorganic chemical components, soil animals
and soil microorganisms). In this sense biomonitoring is the

most integrated approach of soil screening as it monitors

effects on organisms which are themselves part of the soil
eeosystem (DESAULES and VON STEIGER, 1993) and which
thereby impact in far reaching ways the quality and the mul
tifunctionality of the soils. Microbial properties as indica
tors for human-indueed soil changes need to be considered

against the background of natural variation (BROOKES,
1993; VON STEIGER et al., 1996).This involves examining

the effects of narurally occurring stresses, like water, tem
perature and substrate fluctuations, on soil microbial pop

ulations and their activities (DOMSCH, 1980; DOMSCH et
al., 1983). Microbial properties also need to be generally

scientically valid and accurately; precisely; easily and eco-
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nomically measurable across a wide range of soil types and
soil conditions. Finally; the property should be sensitive
enough to indicate pollution but also sufficiently robust to

avoid false alarms (BROOKES, 1993).
Many soil surveys have been conducted. and sorne of

thern have investigated biological properties of the soils
(BROOKES, 1993; JURITSCH and WIENER, 1993; PHILIPP et
31., 1994; ÖHLINGER, 1995; STRAALEN and KRIvOLurSKY,

1996). Microbial screening in soil monitoring nerworkshas
received less consideration (MIRTL, 1996; VON STEIGER et
al., 1996; HÖPER et al., 1997; JÖRGENSEN, 1997). A new
concept by KANOELER et al. (1993) and JURITSCH (1995)
attempts to fill this gap and involves not onIy monitoring
soil physical and chemical parameters, butalso microbial
properties characterizing the functional diversity ofthe soil
microorganisms.

Measurements of the microbial biomass and various
enzyme systems have been widely used to diagnose the soil
state and to describe the effect of different influences (e.g.
air pollutants, agricultural management, landuse). So far,
however, no valid classification systern for microbiological
variables has been available for assessing the specific mea
surements in relation to abiotic properties and land man
agement. Thus, our specific objeetive is to develop and test
such a system. Beyond that, the potential indicator value of
the microbial parameters for environmental stress in gener
al (e.g.. heavy metals, pesticides, aromatic hydrocarbon
eompounds) isinvescigated..

The eurrent concept of soil monitoring is based on five
monitoring sites, differing in soil type and land use, in the
provinee Salzburg, Austria.. The microbial properties were
selected as recommended by KANDELER et al. (1993) and
coineided with the criteria Iisted by BROOKES (1993) and
EOWARDS et al. (1996). The parameters inelude the sub
strate-induced respiration (SIR) as a measure for the active

mierobial biomass, and dynamic soil proeesses ineluding
the N-mineralization and the enzymes of denirrification,
urease, phosphatase, arylsulfatase and xylanase activity as
indices of the nutrient cyeles in the soil.

2. Material and methods

2.1 Site description

The sites consist of a cireular central area (1000 m2) sur
rounded by a protecrive border of8-10 m width. Site 1-4
were established in 1994, Site 5 in 1995. Each site was
homogeneous with respect to soil type, plant cover (grass
land or arable land) and surface leveL Calcaric Fluvisol GL1:
site 1 (grassland, 2 cuttings a year) is located in an Rat indus
trial area near Hallein at 450 m above sea level. Eutric Cam
bisolGL2: Cambisol GL2 (grassland, 2 euttings a year) is sit
uated in an unpolluted landscape elose to St, Koloman at
1005 m abovesealevel. Cambisol GL2represents areference
monitoring site for atmospheric pollutants. Eutrie Cambisol
GL3: site 3 (grassland, 2 cuttings a year) is located in a
remote impact region near Saalfelden at 785 m above sea
leveL Calearie Fluvisol AL4: site 4 (arable land, biological
farming) has been established in the plain pastures of
Salzburg city at 420 m above sealevel. Dystric Cambisol
GL5: site 5 (grassland, 1 cutring a year) with a gentle slope
is situated in a former mining area (diffuse Arsenie pollu
tion of60 ppm As) near Bischofshofen at 595 m above sea
level. The soils are classified according to FAO-UNESCO
(1994). The land use, soil type and physico-chemieal prop
erties of the sites are given aecording to JURITSCH (1995,
personal eommunication) in Table 1.

Table1: Sollchemical and physica1 properties of themonitoringsites (JURITSCH, pers. comm.)
Tabelle 1: Chemische und physikalische Eigenschaften der Bodendauerbeobachtungsflächen (JURITSCH, pers. Mittl.)

Site Sitename SoH type Landuse Soildepth pH CaC03 Corg Nt Particle size distribution %
(FAO) cm (CaCl,) % % % <2J..lm 2-60 um 60-2000um

GLI Hallein Fluvisol Grassland 0-5 6.80 1.05 3.5 0.43 7.0 57.2 35.8
5..10 6.80 1.35 3.4 0.39 7.8 53.9 38.4

GL2 St. Koloman Eutric Grassland 0-5 5.40 0.20 5.8 0.67 27.7 66.8 5.5
Cambisol 5-10 5.50 0.20 5.8 0.66 28.7 66.3 5.1

GL3 Saalfelden Eutric Grassland 0-5 5.34 0.17 3.5 0.42 13.3 57.0 29.8
Cambisol 5-10 5.41 0.21 3.6 0.42 13.4 58.9 27.7

AL4 Salzburg City Fluvisol Arable 0-20 6.84 4.58 3.5 0.47 11.3 76.2 12.5
GL5 Bischofshofen Dystric Grassland 0-5 6.15 0.12 4.3 0.45 10.9 69.1 20.0

Cambisol 5-10 5.98 0.08 2.5 0.26 9.1 63.8 27.1
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2.2 Soil sampling

Soil sampies (4 replicates) were randomly taken from rhe

protective area in spring and autumn 1995-1997. The sam

pling distance was approximately 5-10 m. Cambisol GI5
has been sampled since 1996, Cambisol GL2was skippedin

spring 1996 due to high snow cover. In the first monitoring

year (1995) two sampling designs on the grassland sites
were compared. Simultaneously, homogeneous sampling of

the 0-10 cm layer was resred against strarified sampling of

the 0-5 cm and 5-10 cm layers. The sampling depth ofthe
arable land comprised the ploughed layer and was 0-20 cm,

For each sample, 20-25 soil cores were taken using an

auger, bulked and packed in a polyethylene bag, The fresh

samples were stored at -20 "C until laboratory measure
rnents commenced.

2.3 Chemica1 analyses

Chemical analyses were carried out on air-dried, sieved (2

mm) soiL The pH was determined by shaking 4 g soil mate

rial with 10 ml 0.01 M CaC12 solution. After 24 h the pH

was measured potentiometrically Total organic carbon con
tent was determined by wet combustion of the soil with a

rnixture of20 ml 0.33 M K2Cr207 and 15 ml H2SO4. After
24 h Cr(III) in the filtrate was colorimetrically determined

ar 570 nrn. Total nitrogen was determined by digestion of
the organic N wirh H 2SO4conc. The NH4+-N in the digest

was titrimetrically determined from the amount of NH3
liberated by distillation with alkali. The carbonate content

was determined by adding Hel (10 % vv") to the soil and
the volume of CO2 that developed was measured in con

sideration of temperature and atmospheric pressure.

2.4 Microbiologica1 analyses

Before microbiological analyses the frozen soil sampies were

allowed to thaw at 4 °C for 3 days and sieved (2 mm), Sub

strate-induced respiration (SIR) as a measure for the active

microbial biomass was performed according to AN'DERSON
and DOMSCH (1978). The soil was amended with 4.0 mg

glucose g-l dry matterand incubared at 25 "C for 4 h. The

CO
2

evolved was trapped in 0.05 M NaOH and titrated by

0.05 M HeL N-mineralization was measured under water

logged conditions according to KEENEY (1982) and KAN
DELER (1996). The samples were incubated at 40°C for 7 d

and the NH4+-N produced measured colorimetrically at
660 nm. Urease activity was assayed as described by KAN
DELER and GERBER (1988) using urea as a substrate, After
incubation at 37 "C for 2 h, the NH4+-N formed was

extracted with 1 M KC! and subsequently measured. Den
itrification enzyme activity (DEA) was determined follow

ing the method of ZECHMEISTER-BoLTENSTERN (1996)
using 1.07 mM KN03 / 0.7 mMchlorarnphenicol as asub

strate and acetylene as an inhibitor of denitrification of
N20 (6 h at 25 Oe). The N20-N produced was gas-ehre

matographically detected with an electron capture detecror
(Shimadzu Ge 14). Alkaline phosphomonoesterase (APA)
activity was assayed by using buffered disodium

phenylphosphate (0.2 M borate buffer, pH 10, 20 mM

phenylphosphate) as a substrate and incubating the samples

ar 37 "C for 3 h, The released phenol was estimared colori
metrically at 400 nrn (HOFFMANN, 1968). Arylsulfatase
activity (ASA) was measured according to TABATABAI and

BREMNER(1970). After the addition ofa p-nitrophenylsul
fate solution, soil sampies were incubated at 37 "C for 1 h.
The p-nitrophenol released was colorimetrically quantified
at 420 nm. Xylanase activity is described in detail by SCHIN

NER and VON MERSI (1990). Soil sampies were incubated

with 1.2 % xylan suspension and 2 M acerate buffer (pH
5.5) at 50 oe for 24 h. The produced reducing sugars were

colorimetrically determined by the ferric-ferrocyanide reac

tion at 690 nrn. The methods are described in detail in
SCHINNER et alt (1996).

2.5 Statistica1 analyses

The results ofthe soil microbial aetivities were calculated on
the basis of the oven-dry weight (105 Oe) ofsoil and given
as arithmetic means of4 replicates and their standard errors

(se). The dara distributiori passed the normality test (Kol
mogorov-Smirnov test) and the hornogeneity-of-variance
test (Levene testj.The two sampling designs were resred by

comparing the measured mean of the homogeneous 0-10

cm sarnples with the calculated mean of the 0-5 cm and
5-10 cm layer sampies (t-test). The percentiles of30 and 70
were used to delimit the low, normal and high activity class.
The Pearson correlation coefficient r was calculated
between microbial and soil physico-chemical variables. The
maximum criticalrange (LSD), calculated by the Student
Newman Keuls test using time as the main factor, was

applied to identify significant temporal changes and to esti
mare the potential ofmicrobial parameters asbioindicators.
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Saalfelden (GL3) and Bischofshofen (GLS) showed low

temporal variability; the fluctuations of microbial biomass

and activity ofgrassland Cambisol St. Koloman (GL2) were

substantial. The high altidute (1005 m) of St, Koloman,

which results in strongerwater and temperature conditions,

might be responsible for the amplitudes. The highesttem

poral fluctuarions on the Cambisol siteswere observed for

SIR, DEA, xylanase (Saalfelden, Bischofshofen), respec

tively for all microbial parameters (Sr, Koloman), except for

ASA.
Within the sites of Fluvisols (grassland GI] and arable

land AL4) the temporal variability was similar to that found

for the Cambisols, Only APA showed higher fluctuations in

the Fluvisol sites compared to those of the Cambisol sites.
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Figure 1: Temporal dynamics ofthemicrobial biernass and enzyme
activities ofthe grassland Fluvisol GLJ.Different symbols
are the means of the 0-5 and the 5-10 cm layer, in most
cases, standard errors (whiskers) do not exceed size of the
symbols.

Abbildung 1: ZeitlicherVerlaufder mikrobiellen Biomasse und Enzym
aktivitäten auf der Grünlandfläche Fluoisol GLl. Unter
schiedliche Symbole stellen den Mittelwert in 0-5 cm
und 5-10 cm, Fehlerbalken den Standardfehler dar.

3. Results and Discussion

The relative coefficient ofvariance (CV) was used to assess

the spatial variability within a site, WiIks' Lambda, the

canonical correlation coefficient and the standardized

canonical function coefficient ofthe discriminant funetions

(DF) were applied to evaluate the discriminatory impor

tanee ofthe microbiological properties and their sensitivity

to soil type and soil conditions. Significance was aceepted

at the P5: 0.05 level ofprobabiIity:

Asa large part of the variation ofthe data can be artributed

to the sampling design, rwo concepts (homogeneous

against stratified sampling) were simultaneously applied on

the grassland sites in the first year 1995. The comparison

revealed that for both sampling events (spring and autumn)

the calculated means of the measured activities in the 0-5

cm and 5-10 cm soil samples tended to be higher than the

directly measured mean activities in the 0-10 cm homoge

neous sample, although the differences were not significant

(datashown for spring 1995). Coincidingwith the findings

reported by CAMPBELL and BIEDERBECK (1976), the tem

poral amplitudes of the microbial activities were signifi

cantlyhigher in the 0-5 cm than in the 5-10 cm layer, part

Iycaused by the stronger temperatureand water fluctuation

in the surface area. In contrast, these amplitudes diminished

in the homogeneous samples, In soil monirering programs,

stratified sampling is suggested as the surface layer is specif

ically affected by seasonal and anthropogenie impact,

3.1 Sampling approach

Results on the temporal variability of microbial properties

have widely been reported (GEHLEN, 1987; KOWALZCYK et

al., 1987; BREMER and VAN KESSEL, 1992; BUCHANAN and

KING, 1992; v LüTZOW, 1993;CAMPBELLetal., 1995;JÖR

GENSEN, 1995; FRIEDELetal.) 1996; KANDELER and BÖHM,

1996). In this study sampling of different sites before and

after the vegetation period enabled the variation of micro

bial population, caused by plant-specific influences, to be

recorded (Figs, 1-5). Moreover, following the course of

microbial biomass and activity of different independend

sites, allowed the influence ofsoil type and climatic condi

tions to be assessed. While the grassland Cambisols

3.2 Temporal Variability
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Figure2: Temporal dynamics of the microbialbiomassand enzyme
activities of the grassland Cambisol GL2 Different symbols
arethe meanofthe 0-5 and the 5-10 an layer, in mostcases,
standarderrors(whiskers) do not exceed size ofthesymbols,

Abbildung 2: ZeitlicherVerlaufder mikrobiellenBiomasse und Enzym...
aktivitäten auf der Grünlandfläche Cambisol GL2. Un
terschiedlicheSymbolestellen den Mittelwert in 0-5 cm
und 5-10 cm, Fehlerbalken den Standardfehlerdar.

Figure3: Temporaldynamics of the microbialbiornassand enzyme
activities of grassland Cambisol GI3. Different symbols are
the mean of the 0-5 and the 5-10 cm layer, in most cases,
standarderrors (whiskers) da not exceedsizeofthe symbols.

Abbildung 3: ZeitlicherVerlauf der mikrobiellen Biomasse und Enzym
aktivitätenauf der Grünlandfläche Cambisal GL2. Unter
schiedliche Symbole stellenden Mittelwert in 0-5 cm und
5-10 cm, Fehlerbalken den Standardfehlerdar.

A striking feature of the investigations was the synchro
nous flucruations of the microbial activities over time,

regardless whether Fluoisol; Cambisol; arable or grassland

soil, Especially, xylanase activity followed a periodical pat

tern, irrespective of the site, The ohserved temporal trend

ofxylanase and, to some degree, ofN-mineralization (5-10
cm) is caused by the litter and plant residues at the end of

the vegetation period. Remarkable are the steep increase in
DEA of Fluvisol GL] (Hallein), Cambisol GL2 (St. Kolo

man) and Cambisol GL3 (Saalfelden) in spring 1997 (Fig.
1-3), likely produced by sufficient warer saruration and soil

N-mineralization during late winter and early spring, and
rhe sharp decrease of APAwirhin the Fluvisols (GLl and

AL4) inauturnn 1997 (Fig. 1 and 4).

Overall, the highest seasonal fluctuarions were measured
for APA, N-mineralization, DEAand xylanase activity,
indicating the sensitive response ofthese enzymes tothe sire

conditions (e.g, soil moisture, temperature, plant-specific
influence). The smallest temporal amplitudes were recorded

for urease activity and ASA. In order to eliminate the sea

sonal plant-specific effect sampling before the vegetation
period is suggested (see next section).

The potential ofmicrobial parameters to identify changes
in successive samplings depends not only on the temporal
variability,but also on the spatialvariation within a site, The
size of the critical range (LSD), accounting for the tempo
ral and spatial variability; provides information on the

potential ofmicrobial properties to indicate environmental
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Figure4: Temporal dynamics of the microbial biomass and enzyme
activities of the arable land Fluvisol AL4. Given are the
means of4 replicates of the 0-20 an layer, in rnost cases,
standard errors (whiskers) do not exceed size ofthe symbols.

Abbildung 4: ZeitlicherVerlauf der mikrobiellenBiomasse und Enzym..
aktlvitäten aufder Ackerfläche FluvisolAL4. Datenpunk..
te stellen den Mittelwert (4Wiederholungen) in 0-20 cm,
Fehlerbalken den 5tandardfehIerdar.

Figure5: Temporal dynamics of the microbial biomassand enzyme
activities of grasslandCambisol GI5. Differentsymbolsare
the mean of the 0-5 and the 5-10 an layer,in most cases,
standarderrors(whiskers) do not exceed size of the symbols.

Abbildung 5: ZeitlicherVerlaufder mikrobiellen Biomasse und Enzym
aktivitäten auf der Günlandfläche Cambisol GL5. Unter...
schiedliche Symbole stellen den Mittelwert in 0-5 cm
und 5-10 cm, Fehlerbalken den Standardfehlerdar.

changes (Table 2).. In practical, we suggest to apply soil
microbial parameters with low temporal and spatial vari
ability (parameters not sensitive to plant-specific influences
and clirnate, e.g. urease, ASA, and to hot spors, e..g. SIR, N
mineralization, urease, ASA and xylanase), but with high
sensibility to environmental stress (parameters sensitive to
organicand inorganic pollutants, e.g, SIR, N-mineraliza
tion, urease, ASA and APA) ..

3.3 Spatial variability within the site

The spatial variability of the microbial variables was indi
cated by the relative coefficient ofvariation Cv:.ofehe mean

(Table 3). The Cv:. ranged from 4.0-16.4 % in the grass
land and from 0.5-14.1 % in the arable soiL The highest
variation was calculated for APA (grassland, arable land)
and DEA (arable land). Similar figures for grassland were
observed bySPEIRetal. (1984) andHöPERetaL (1997). For

spatially related sampies BON1v1ATI et al. (1991) reported

highest Cv:.-values for urease and phosphatase activity
wirhin a 5 m interval in grassland (Cv:.= 59 ..7 and 36..6 %,
respecrively) and ÖHUNGERet al. (1993) observed CV:val

ues of 21 % for phosphatäse within a range of approxi
mately40 rneters in arable soils. VON STEIGER et al. (1996)
reported that urease aetivity was spatially related with each
other to a distance of 1 m (grassland) or 20 m (arable land)
and SMITH et al. (1994) reported distances ofO.. 5-1 .. 0 m for
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Table 2: Comparison of the measured values of the 0-10 cm layer (0-10 cm) with the calculated means of the measurements in the 0-5 cm and
5-10 cm layer (mean). No significant differences (2-sample t-test) berween the wo sampling designs are detected, Data are shown for

spring 1995.
Tabelle 2: Vergleich der gemessenen Aktivitäten aus der Tiefenstufe 0-10 cm mit den errechneten Mittelwerten aus den Tiefenstufen 0-5 cm und

5-10 cm (rnean). Probenahmetermin Mai 1995.

SIR Urease DEA N-mineralization APA ASA Xylanase
mgCO., ioor'h" J.l.gNH4-N ~.I 2h-1 n~N,O-N s" h·1 J.Lg NH,t-N ~-I 7d·1 J.1~ phenol ~.I 3h-1 U~ nitrophenol ~.I h·l JJ.g GEg- 1 d-1

O-lOcm rnean O-lOcm mean 0-10cm mean O-lOcm mean 0-10cm mean O-lOcm mean O-lOcm mean
FluvisoI
OLl 6.1 7.3 104.2 111.2 254.6 316.9 154.6 196.7 1619 1646 340 315 1533 1950
OLl 6.9 7.0 122.0 115.1 234.5 261.8 154.6 175.0 1523 1695 334 306 1643 1716
GLI 7.3 7.3 127.0 115.4 239.2 266.7 155.8 187.1 1638 1655 340 300 1848 1715
OLl 7.6 7.4 124.5 98.7 224.7 305.0 183.7 189.8 1683 1711 349 320 2190 1636
Cambisol
GL2 12.4 9.8 161.8 157.5 317.1 279.5 203.5 208.1 440 488 693 672 1936 2251
OL2 10.9 13.3 150.6 160.2 238.8 311.0 199.0 223.7 402 698 650 674 2231 2611
GL2 11.3 12.2 156.0 215.5 250.7 366.0 197.0 262.0 497 528 652 684 1997 2530
GL2 9.9 15.0 144.6 162.4 239.6 353.9 185.3 303.0 588 708 686 682 2030 2299
Cambisol
OL3 8.3 8.8 116.0 121.2 208.7 236.6 139.2 151.4 248 273 317 354 2095 2109
GL3 9.0 9.1 76.2 144.8 202.0 207.5 126.8 145.6 297 263 335 368 1821 1976
OL3 6.5 9.7 141.0 118.0 154.1 215.5 113.0 156.8 214 285 320 371 1633 2165
GL3 8.5 8.9 154.8 175.2 179.4 173.6 140.5 149.7 330 242 316 331 1471 2053

Table 3: The relative coefficient ofvariance Cy:.(0/0) for microbial biomass (SIR) and enzyme activities ofthe arable and grassland site. Given are

ehe spring (first) and auturnn (second) values of each year.
Tabelle 3: Relative Variationskoeffizienten~ (%) für die mikrobielle Biomasse (SIR) und die Enzymaktivitäten der Acker- und Grünlandflächen.

Angegeben sind die jährlichen Frühjahrs- und Herbstwerte.

CVr

Grassland Arable land
1995 1996 1997 1995 1996 1997

SIR 7.0-6.0 8.5-7.0 8.4-9.3 3.4-2.8 3.5-8.9 3.3-1.7

N-mineralization 6.9-5.6 8.5-7.8 7.3-7.4 5.8-5-7 1.7-2.6 2.6-2.0

Urease 6.9-5.1 6.9-9.0 6.6-8.6 5.1-2.7 9.3-3.2 1.8-5.4

DEA 4.1-4.0 6.2-9.8 14.6-7.4 4.8-7.7 6.6-9.1 10.9-4.1

APA 12.9-12.8 13.5-13.3 13.0-16.4 2.3-3.1 1.9-4.2 0.9-13.8

ASA 7.1-5.6 4.6-8.4 6.5-6.5 2.4-3.3 1.6-0.5 2.2-1.2

Xylanase 6.0-6.8 8.1-6.2 7.5-8.4 3.7-14.1 3.0-5.2 1.5-9.3

n 36 24-32 32 4 4 4

microbial biornass, C- and N-mineralization. These find
ings provided that the within-spatial variability of the
microbial properties was encompassed by sampling spaces

ofS-lO m.

3.4 Inßuence ofsite conditions

The influence ofabiotic soil conditions upon the microbial
properties has been simply estimated by correlation analy
ses. A significant relationship to the climaticconditions,
characterized by the water supply (BOTTNER, 1985;
SARATHCHANDRA et al., 1988) and air temperature fWAR

DLE, 1992), was only determined for the soil moisture (r =

0.48-0.88). No correlation was found with Cor and pH.
Similiar results were observed by other authors ZKOWALZ
CYK et al., 1987, VON STEIGER et al., 1996). In contrast,
ZANTuA et al. (1977) and WARDLE and GHANI (1995)
reported a moderate correlation berween Corg and micro
hial processes at locations with high spatial variation of
C

org
> whereas other authors (DUTZLER-FRANZ, 1976a, b:

LYNCH, 1984; ]AGNOW, 1986; GEHLEN and SCHRÖDER,

1989) reported a close correlation berween microbial vari

ables, Corg and pH-value.
The sensitivity of the microbial properties to the soil type

and land use was assessed by discriminant analysis.which
revealed 4 significant DFs. DF1 explained 61 to 98~5 % of
the total variance of the data (1995-1997) and was domi-
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..15 ""-----------------------'

matter, nutrients, cation exchange capacity, acidity, soil tex

ture, water/air supply), governs the microbial performance.

3.5 Classification design

In order to define a classification concept for microbiolog

ical variables, we differentiated activity classes by applying

the 30 and 70 percentile ofthe data set ofthe specific micro

bial variable. Using 30 and 70 percentile gives similar

widths of the 3 categories, which were attributed as low,

normal arid high. Within the site the rneasurements ofeach

parameter were classified in one ofrhe 3 activity categories.

The frequency, with which the dara values occured in one

activity class, was summed up over all parameters. Then the

site was classified in the respective activity category in which
the highest total frequency of measurernents was observed.

The results showed that the sites could be classified accord

ing ro the land use (Fig. 7). While 50-70 % ofthe activities

of the Cambisol GL2 were classified as high, activities of

Cambisol GL3 and GL5, and Fluvisol GL] were in the low

and normal range. The arable Fluvisol AL4 had zero fre

quencies in the high activity class. While the results of the

classification in spring and autumn were identical for the
Fluvisolsites, the frequencies in the medium and high activ

ity class of the Cambisol sites raised at the end ofvegetation
period. Single parameter classification designs have been

reported by HÖPER et al. (1997), who defined the activity

categories by using the lower and upper quartile and JÖR

GENSEN (1997) introduced aSclass design with the

interquartile range representing the normal activity class.

ÖHLINGER et al. (1993) delimited 4 classes of equal range

of the data values before the frequencies were calculated.

The above researchers all outlined single parameter classifi

cation systems. In contrast, the main feature ofthis concept

is that the width of the activity categories are similar and
that all single frequencies are summarized in order to assess

the microbial properties ofa site.
12
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nated by eitherAPAor ASA (Fig. 6). Therewas ahighlysig

nificant discrimination berween rhe soil types along axis 1
(DF dominated by ASA) and axis 2 (DF dominared by

APA). DF 1 and DF2 explained 97-99 % of the variance,
and the variables ASA and APAcontributing to DF 1 and
DF 2 are the rnosr important in relation to the other dis
criminant functions .. DFs 3 and 4 covered 1-3 % of the

variance and were poordiscriminators. Data for 1997 are

shown in Table 4; comparable results were found in 1995
and 1996. In all cases, at least 97 % of the data points were

correctly classified. The results show that the soil type, as a

summarized expression ofcornplex site conditions (organic

Figure 6:

Abbildung 6:

Two-dimensional plot (DF 1, DF 2) of the discriminant
analysis including all microbial variables. The discrimi
nant analyses included data of 5 sites, 2 depths, 4 repli
cares, Dara are labelied bythe soil type. Lines include data
within the 95 % confidence interval of each site.
Zweidimensionale Darstellung (DF1) DF2) der Dauer
beobachtungsflächen im Diskriminanzraum im Frühjahr
und Herbst 1997. Datenpunkte einer Fläche sind ein
heitlich symbolisiert. Kreise stellen das95% Vertrauens
intervall dar.

4. Conclusion

These investigations demoastrate that microbial properties

including biomass and soil enzyme processes are potential

ly able to indicate changes in the soil state. The spatial vari

ability ofmost ofthe microbial variables wirhin the sites was

small, fulfilling one of the basic criteria of soil monitoring.

The temporal arnplitudes reflected the sensitivity of the
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Table4: Results of discriminant analyses ofthe microbial variables (SIR, N-mineralization, APA, ASA, DEA., urease andxylanaseactivity) from 5
different sites, Data are shown for spring 1997.

Tabelle4: Ergebnisseder Diskriminanzanalyse für die Probenahme April 1997. Alle Flächen (Gruppierungsvariable) und mikrobiellen Parameter
(Merkmalsvariablen) wurden miteinbezogen.

SpriD~ 1997 Autumn 1997
DF 1 DF2 DF3 DF4 DF 1 DF2 DF3 DF4

Wilks' lambda 0.0001 0.0156 0.3362 0.7301 0.002 0.055 0.439 0.819
Eigenvalue 139.2 20.59 1.17 0.37 23.1 7.4 0.8 0.2
Degree of freedorn 28 18 10 4 28 18 10 4
Cummulative variance % 86 99 99.7 100 73.3 96.9 99.3 100
Canonical correlation coefficient 0.996 0.977 0.735 0.519 0.98 0.94 0.66 0.43
Cerrelation coefficient"

APA -0.267 -0.024 0.235 -0.232 0.057 0.195 -0.050 -0.399
ASA 0.037 0.530 0.098 -0.063 0.313 0.014 -0.123 -0.175
N-mineralization 0.031 0.056 0.348 -0.089 0.242 0.263 -0.158 0.313
Urease activity 0.026 0.065 0.163 -0.310 0.157 0.033 -0.145 -0.063
Xylanase activity 0.019 -0.016 0.045 -0.236 0.033 -0.093 -0.102 0.016
SIR -0.012 0.104 0.113 -0.304 0.131 0.104 0.150 -0.083
DEA 0.000 0.061 0.125 -0.616 0.201 0.259 -0.503 0.664

adenotes pooled within-groups correlation between the discrirninating variables and the canonical discriminant functions.

microbial properties to varying seasonal soil conditions (e.g,

water, temperature and substrate availability). Relatively
high temporal amplitudes were derected for APA, xylanase
activity and DEA, indicating the sensitivity of these

enzymes to available substrate, In conclusion, the temporal

fluctuations of the microbial parameters reduce the chance

to detect changes by successive sampling. Hence, focusing

on a single sampling in spring to exclude natural factors

(e.g, plant-specific seasonal influences) in soil monitoring

programs, is suggested. New points of emphasis will also

concentrate on microbial community structure (e.g. signa

ture molecules such as ergosterol, phospholipid fatty acids,

nucleic acids), as it seems [0 be more robust to fluctuating

seasonal soil conditions (VAN BEELEN and DOELMAN, 1997;

BENTHAM et al., 1992; BRüGGEMANN et al., 1995).

By delirniting 3 microbial activity categories, the moni

toring sites were clearly classified according to the land use

(grassland, arable field). The activities ofthe Cambisolswere
classified as high (GL2) on the one hand and low to normal

(GL3, GL5) on the other hand, The Fluuiso] siteswere cate
gorized as exhibiting normal activitiy, with Fluvisol AL4
recording no dara in the high activity class. The classifica

tion for each site was consistent over time. Discriminant

analyses significanrlydifferentiated all sites according to the

soil type and land use, elucidating the factors that derer
mine themicrobial performance.

We conclude that soil microbial monitoring is an impor

tant instrument in soil monitoring programs. However, the

determination ofsignificant soil changes is often hampered

by the high variabiliryof the data due to soil heterogeneity,
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Figure 7: Summarized frequency (0/0) of the measured data in the 3
activity classes for each site, Data are shown for 1997.
n = 56 (grassland),n=28 (arableland).

Abbildung 7: Aufsummierte Häufigkeitsverteilung (0/0) aller gemessen
Daten einer Flächeauf die 3 Aktivitätsklassen.Ergebnisse
für 1997. n = 56 (Grünland), n =28 (Ackerland).
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by the lack or small number of replicares and the temporal

variation of the parameters, Increasing the numbers of
replicates and sampling events is often restricted by finan
cially considerations. In order to overcome these restrictions
the linkage to other instruments such geoinformation sys

tems and geostatistical methods is suggested.
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