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Abstract Because soil biota is influenced by a number of
factors, including land use and management techniques,
changing management practices could have significant
effects on the soil microbial properties and processes. An
experiment was conducted to investigate differences in soil
microbiological properties caused by long- and short-term
management practices. Intact monolith lysimeters (0.2 m?
surface area) were taken from two sites of the same soil
type that had been under long-term organic or conventional
crop management and were then subjected to the same 2.5-
year crop rotation [winter barley (Hordeum vulgare L.),
maize (Zea mais L.), lupin (Lupinus angustifolius L.), and
rape (Brassica napus L. ssp. oleifera)] and two fertilizer
regimes (following common organic and conventional
practices). Soil samples were taken after crop harvest and
analyzed for microbial biomass C and N, microbial activity
(fluorescein diacetate hydrolysis, arginine deaminase activ-
ity, and dehydrogenase activity), and total C and N. The
incorporation of the green manure stimulated growth and
activity of the microbial communities in soils of both
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management histories. Soil microbial properties did not
show any differences between organically and convention-
ally fertilized soils, indicating that crop rotation and plant
type had a larger influence on the microbial biomass and
enzyme activities than fertilization. Initial differences in
microbial biomass declined, while the effects of farm
management history were still evident in enzyme activities
and total C and N. Links between enzyme activities and
microbial biomass C varied depending on treatment,
indicating differences in microbial community composition.

Keywords Past and current management - Green manure -
Intact monolith lysimeters - Soil microbial biomass -
Microbial activity - Linkages

Introduction

In general, microbial biomass, enzyme activities, soil
respiration, and earthworm numbers and/or activity are
found to be greater in soils under organic compared to
conventional management (Wander et al. 1995; Shannon
et al. 2002). In comparison, there is little evidence of
negative effects of mineral fertilizer and pesticide use on
the soil organic matter, microbial diversity, and activity
(Fraser et al. 1988; Gunapala et al. 1998). It is noted that
other conventional practices may have different impacts
on other parts of the farm system (e.g., Kirchmann and
Thorvaldsson 2000). Most of these studies compared the
use of organic matter inputs in one system with the
addition of synthetic fertilizers in the other and the results
strongly suggest that individual production techniques
(e.g., green manuring and crop rotations) have a larger
impact on the soil microbial community than the manage-
ment system itself.
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A lysimeter experiment was designed to evaluate the
effect of farming history and current crop management
practices on soil microbial properties and mineral N
leaching (data not presented here; cf. Stark et al. 2006).
Intact monolith lysimeters were taken from two areas with
organic and conventional farming histories under the same
environmental conditions and the same soil type and were
consequently subjected to the same crop rotation, which
included a leguminous green manure crop. The practice of
year-round grazing in New Zealand is in contrast to
European production systems where livestock are over-
wintered inside, producing large quantities of manure
(Condron et al. 2000). This highlights the importance of
green manure crops and the dependence on biological
processes to supply sufficient amounts of N to crops
especially in organic farming systems in New Zealand.
However, including green manures in crop rotations is
considered good management practice in any agricultural
production system because of their many positive effects on
soil fertility and quality (Doran et al. 1988; Watson et al.
2002).

To compare the effects of long-term organic and conven-
tional management and current farming practices (crop
rotation, green manuring, and mineral and organic fertiliza-
tion) on the size and activity of the microbial community and
to establish the relationships among soil microbiological
properties in situ, soil samples were taken from the lysimeters
after crop harvest and analyzed for total C and N, microbial
biomass C and N, and various enzyme activities that are
commonly used as measures of microbial activity in soils.

Materials and methods
Site description and lysimeter collection

Eight intact monolith lysimeters were taken from each of
two sites (approximately 2 km apart) within the Lincoln
University Cropping Farm (Canterbury, New Zealand)
(43°38'S; 172°27'E); all having the same soil type
(Wakanui silt loam; mottled immature pallic soil, NZ
classification; Udic Ustochrept, USDA) and similar chem-
ical and physical topsoil properties. The sites had been
farmed under contrasting organic (BHU) and conventional
(LCF) management systems for 25 and over 100 years,
respectively.

The BHU site was a low input area that had been under a
6-year rotation until 1999 and had been under herb-ley [14
species including perennial ryegrass (Lolium perenne), lucerne
(Medicago sativa), and white clover (Trifolium repens)]
between 1999 and the time of sampling in 2001. There are
no records of any inversion ploughing and most of the
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residues were left on the surface. The area had never been
grazed nor had it received any mineral fertilizers or pesticides.

The LCF site had been under pasture for almost 2 years
when the lysimeters were taken in 2001 and, before that, had
been under an 8-year rotation. During the rotation, residues
were incorporated to a depth of 15 cm by ploughing. The total
average annual amount of N applied during the 8-year
rotation was 70 kg Nha™', while a total of 16 kg phosphorus
ha ' year ! was applied. For a more detailed site description
see Stark et al. (2000).

The lysimeters were installed in the Lincoln University
lysimeter laboratory according to the protocol established
(Cameron et al. 1992), and for the following 3 years, four
lysimeters from each site were managed under the original
production system, while the other four were managed under
the alternative management system, resulting in four treat-
ments distinguished by farming history and current manage-
ment practice (Fig. 1). The crop rotation was identical for all
treatments (barley, followed by maize, a lupin green manure,
and rape) (Table 1), as were soil cultivation, irrigation, and
weed and pest control techniques.

Soil sampling and analyses

On four occasions (see Table 1 for details), soil samples
were taken from the lysimeters after crop harvest using a
sampling strategy developed previously (Stark et al. 2004).
In brief, 11 soil cores (0—15 cm) were taken from each
lysimeter, bulked, and sieved (4 mm). All plant material
and roots were removed and the samples were stored at 4°C
for up to 5 days before analyses took place.

Microbial biomass C (C,;c) and N (N,,;c) were estimated
using the fumigation—extraction technique (Sparling and
West 1988), which allows for microbial biomass C and N to
be determined in the same extract and does not require for
the soil microbial community to be in equilibrium (as
required for Substrate Induced respiration) (Schinner et al.
1995). After extraction with K,SO, (extraction ratio 1:4),
total extractable C was determined on a TOC-5000 A
analyzer (Shimadzu) and total extractable N was measured
by persulfate digestion following the method of Cabrera
and Beare (1993). For conversion of total C and N to C,;c
and N, factors of k.c=0.35 (Sparling et al. 1990) and
kon=0.54 (Brookes et al. 1985) were used, respectively.

In addition, microbial activity was determined using
three enzyme assays that are recognized as measures of the
potential activity of the soil microbial community: arginine
deaminase activity (ADA), dehydrogenase hydrolysis
(DHH) activity, and fluorescein diacetate (3', 6'-diacetyl-
fluorescein) hydrolysis (FDA). Because dehydrogenase and
ADA are only found in viable cells, these enzyme assays
are ideal measures for overall microbial activity in soils
(Alef and Kleiner 1986; Dick 1992). FDA hydrolysis is
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Fig. 1 Schematic representation
of the lysimeter trial setup
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carried out by a variety of enzymes (e.g., proteases, lipases,
and esterases) and the ability of the main decomposers to
hydrolyze FDA was recorded (Schniirer et al.1985; Dick et
al. 1996), however, both intra- and extracellular enzymes
contribute to FDA hydrolysis.

ADA was determined using the method described by
Alef and Kleiner (1987). First, 1.25 ml of arginine solution
(0.2% w/v) (sample) or deionized water (blank control) was
added to 5 g of soil after preincubation (15 min, 30°C).
After 3 h of incubation at 30°C, all samples were immersed
in liquid N for 10 s to stop the reaction. After extraction
with 2 M KCl (extraction ratio 1:4), samples were filtered
(Whatman No. 42) and ammonium-N (NH,-N) concentra-
tion in the samples was determined by automated flow
injection analysis (Tecator, Sweden).

FDA hydrolysis in the soils was determined according to
Adam and Duncan (2001). Briefly, 15 ml of 60 mM
potassium phosphate buffer (pH 7.6) and FDA stock
solution (samples only) were added to 2 g of field moist
soil. After 20 min of incubation, the reaction was stopped
by adding 15 ml of chloroform/methanol (2:1). Absorbance
in the filtered solutions was measured at 490 nm.

® @

DHH activity was measured in the soil samples at all
sampling dates using Tris buffer (pH 7.6) and triphenylte-
trazolium chloride as substrate solution (0.6% w/v)
(Thalmann 1968). Five grams of field moist soil were
incubated in 5 ml of Tris buffer with (sample) and without
(blank) substrate solution for 16 h at 25°C. After extraction
with 25 ml of acetone, samples and blanks were filtered and
absorbance was measured at 546 nm.

Total C (Cy) and N (N) were determined in air-dried
and sieved samples (2 mm) on a Leco® CNS-2000
elemental analyzer. Ratios of total C to total N (C:N ratio),
microbial C to microbial N (microbial C:N ratio or CN,y;.),
and microbial C to total C (microbial quotient or C,p;.:Cor)
were also determined from the data.

All analyses were carried out in triplicate.

Statistical analysis

Data from all samplings except in November 2003 were
analyzed by repeated measures analysis of variance, general
linear model analysis of variance, and correlation analysis
using GenStat Release 7 (“2003, Lawes Agricultural Trust,

Table 1 Cultivars, management practices, and fertilization (NPKS in kilogram per hectare) for crops grown in lysimeters

Barley Lupin Maize Rape
Cultivar County Fest Elita (hybrid) Winfred
Sowing rate (kg ha ") 120 200 50 3
Sowing date 23 May 2002 09 March 2003 11 November 03 April 2004

2003

Harvest or incorporation 29 January 18 September 2003: approx. 400 kg N ha™' added to all 08 March 2004 19 October
date 2003 treatments 2004
NPKS fertilization
CON 120/35/35/27 Not fertilized 80/27/27/21 Not fertilized
ORG 0/35/35/27 Not fertilized 0/27/27/21 Not fertilized

Fertilization date August 2002

n/a

November 2003

n/a
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Rothamsted Experimental Station, UK). Samples were
considered significantly different when p<0.05 and least
significant differences (LSDg ¢5) were calculated.

Results
Influence of time on soil properties

Differences among the four sampling dates were signif-
icant for most soil properties (p<0.001) (except Cyy). In
most cases, the highest levels of the respective soil
parameter were measured at the first or second sampling.
FDA was an exception with continuously increasing rates
over time for all treatments (Fig. 2); the soil moisture
content for all treatments was lowest in November 2003
(Table 2).

Relative differences between BHU and LCF samples
were more pronounced than differences resulting from
current management practices [organic (ORG) vs conven-
tional (CON) fertilization] (Table 3). The large initial
differences between BHU and LCF in microbial biomass
C leveled out over time while they persisted in microbial
activity (DHH, ADA, and FDA) and total C (Figs. 3 and 4;
Table 4).

In November 2003, microbial biomass C was consider-
ably lower and ADA higher than at the other three sampling
dates and than the other parameters measured (Fig. 3a, d).
Exclusion of the November 2003 data from the analyses
lowered LSDy o5 and increased p values, but did not change
the general trends for most soil properties. Correlations of
microbial biomass C and ADA with soil moisture levels
were determined by fitting the data to linear and quadratic
regression functions, respectively. The quadratic regression

Fig: 2 Relationship of spil . a) 800 - L org
moisture content with microbial %
biomass C (a) and with ADA 700 - ><L org
(b) for the lysimeter soils. Re- x
gression equation, line of best
fit, and statistical significance 600 -
are shown. Two asterisks: "5
p<0.01 and three asterisks: o 900 1
»<0.001; n=64 2
~ 400 -
(f
300 -
200 - %
% B org 5
100 - B con ><L con y= -5.3§X +271x - 2838
x R =0.601***
X B ort
O T \g T T T T T 1
14 16 20 22 24 26 28 30
Soil moisture (%)
b) _
6 y =-0.10x + 4.98
2 _ *x
* B con R*=0.10
5 -

x L con

x L con X% % x % x x
1 x L con
O T T T T T T 1
14 16 18 20 22 24 26 28 30
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Table 2 Mean soil moisture content (%) determined for the four
sampling dates in the lysimeter soils

Treatments  Feb 2003 Nov 2003 Mar 2004 Oct 2004

BHU-Con 225 (1.84) 16.5(0.34) 20.6 (0.15) 22.9 (0.53)
BHU-Org  22.0 (0.96) 17.2 (0.38) 21.3 (0.56) 23.0 (1.04)
LCF—Con 21.7 (0.36) 19.1 (0.58) 19.5(0.92) 22.6 (0.91)
LCF-Org 23.7 (1.69) 18.8 (0.26) 21.6 (0.52) 24.7 (0.72)

Standard errors of means in parentheses; n=8

for C,,;.-soil moisture gave a higher regression coefficient
than a linear function (R*=0.60 compared to 0.48 for a
linear regression). Increasing levels of C,;. were observed
with increasing soil moisture content while there was a
weak, statistically significant negative correlation between
soil moisture and ADA. However, as seen in Fig. 2, the
extremely low microbial biomass C levels in November
2003 for treatments BHU-ORG, BHU-CON, and LCF-
ORG were statistical outliers and could not be explained
with low soil moisture levels. The authenticity of the data
was thoroughly assessed and verified, however, the reasons
for their inconsistency compared with other results
remained unclear.

Influence of past management on soil properties

Significantly higher rates of DHH (p<0.001) and ADA
rates (<0.001) and microbial quotient (0.007) were mea-
sured in samples from BHU, while FDA (<0.001) and C,
(<0.001) were higher in LCF soils (Table 3). Actual
differences in C,; and microbial quotient were, however,
small. These observations were the same for all sampling
dates (Figs. 3 and 4).

For all soil properties, the relative differences between
BHU and LCF samples remained consistent over time. No
significant differences in Ciyic, Nimic, CNiie, and Ny, were
observed between BHU and LCF soil samples and BHU

samples differed from LCF soils by factors between 0.95
and 1.05 at the different sampling dates, indicating that
there were no differences based on management history in
these properties. The biggest differences were measured in
ADA and DHH, for which rates in LCF samples were
around 65% of those measured in BHU samples, N,;c (LCF
samples approximately 92% of BHU samples), and FDA
(LCF samples >120% of BHU samples).

Influence of current management on soil properties

Overall, DHH (0.005) and FDA activity (0.007) were
significantly higher in ORG and CON samples, respective-
ly, while the other soil properties did not show any
significant differences based on current management
(Table 4). Microbial C was initially (February 2003)
significantly higher in soils from CON but these differences
disappeared throughout the course of the experiment
(Fig. 3a). Evaluation of the soil properties in ORG and
CON samples relative to each other at each sampling date
revealed only minor changes throughout the experiment
and no obvious trends were observed, e.g., Cy and Ny
levels in ORG samples ranged from 98 to 102% of levels in
CON, while for ORG samples N,;. and C,,;. levels were
between 91 and 106% of CON samples at the different
sampling dates. Only differences in ADA and FDA activity
(CON>ORG) increased over time as a result of short-term
management practices.

Correlations among soil properties

When excluding the November 2003 data from the
analysis, the coefficients for correlations among the soil
properties revealed the same general trends when assessed
separately for the treatments (Tables 5 and 6). For example,
highly positive correlations were observed among Cyic,
Nmic, DHH, and ADA, while FDA was negatively
correlated to most other soil properties (except Cio, Niots
and CNmic)~ Cmic_ctota Cmic_Ntota Ntot_cmic:ctotn and ADA—

Table 3 Overall mean effect of past organic (BHU) and conventional (LCF) management on soil properties determined over 2.5 years

Soil property BHU LCF F value p value
Coic (ug C g™ 533 (20.0) 524 (18.1) 0.43 NS
Npic (g N g™ 533 (2.52) 49.9 (2.55) 2.50 NS
DHH (ug TPF g ' h™") 6.75 (0.616) 476 (0.437) 73.0 <0.001
FDA (ug fluorescein g ' h™") 194 (9.67) 236 (11.2) 123.4 <0.001
ADA (ug NH;*N g 'h™) 3.19 (0.112) 2.04 (0.089) 2.16 <0.001
Cumic:Crot (%) 1.92 (0.075) 1.80 (0.063) 10.3 0.007
CNpnic 10.3 (0.420) 10.8 (0.426) 1.22 NS
Cror (%) 2.79 (0.019) 2.92 (0.018) 343 <0.001
Niot (%) 0.229 (0.002) 0.232 (0.002) 1.11 NS

Values are means of two treatments and three sampling dates (standard errors of means in parentheses); n=72

@ Springer



536

Biol Fertil Soils (2007) 43:531-540

a) 800 T Microbial biomass C mB-Con

OL-Con

600 -

N

o

o
|

ug C g™ soil

200 +

Nov-03

c) 12 Dehydrogenase activity

us

©
+

HEEHEEH
I'III'III'III'Il

ug TPF g” soil h'

IN
+
T
I
!

0+

Feb-03 Nov-03 Mar-04 Oct-04

CN,,c were also negatively correlated. Unlike the other
enzyme activities, ADA did not show any correlations with
Cmic and Cmic:Ctot-

While the overall tendencies were the same for all
correlations, some differences could be observed in the
level of significance of the links when comparing correla-
tion coefficients of ORG with CON and BHU with LCF.
For example, stronger correlations were detected between
CNpic and ADA and between C,;.:Ci,, and DHH for LCF
and CON, respectively.

3207 mB-Con ®&B-Org

OL-Con EL-Org

}

240 +

160 +

ng fluorescein gw‘soil h'*
1 ! Il 1 !

LI |
!

[ |

o]
o
'
1
'
1
1

1
_I!l!l!l!l!l!l!l!l!l!l!l

IIIIIIIIIIIIIIIl"i‘4

LIS TR TR O T O I I O |

AR

0+

Feb-03
Fig. 4 Mean rate (ug g ' h™') of FDA hydrolysis determined in the
lysimeter soils at four sampling dates. Bars are standard errors of
means; n=36

Nov-03 Mar-04 Oct-04

@ Springer

Microbial biomass N

ug N g™ soil

d 67 Arginine deaminase activity

ug NH,-N g™ soil !

Feb-03
Fig. 3 Mean concentrations (ug g ') of microbial biomass C (a) and N (b) and mean rates (ug g ' h ') of DHH (c) and ADA (d) determined in
the lysimeter soils at four sampling dates. Bars are standard errors of means; n=36

Nov-03 Mar-04 Oct-04

Discussion

As soil microbial properties are influenced by variations in soil
moisture, temperature, crop type, nutrient supply, etc., and
immediate farming practices, such as fertilization and cultiva-
tion (Campbell et al. 1999), differences between the sampling
dates were significant for most soil properties (except Ciy).
For most parameters, the highest values were measured after
the first or second crop. This is consistent with the expected
negative effects that cropping and repeated soil cultivation can
have on soil organic matter content and soil microbial
properties. Generally, lower levels of microbial activity and
microbial biomass are found under arable cropping compared
to pasture (Dick 1992; Robertson and Morgan 1996).

Only FDA hydrolysis increased during the experimental
period and was highest at the last sampling point. Although
associated with microbial activity, FDA hydrolysis is
carried out by a range of enzymes including extracellular
enzymes that can persist in the soil as part of inorganic
complexes or when associated with organic colloids
(Nannipieri et al. 2002). The increase in FDA hydrolysis
activity may therefore indicate changes in soil properties
that facilitate and protect extracellular enzymes or changes
in the quantity and quality of root exudates that increase
production of enzymes involved in hydrolyzing FDA.
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Table 4 Overall mean effect of current organic (ORG) and conventional (CON) management on soil properties determined over 2.5 years
Soil property ORG CON F value p value
Cuic (hg Cg™h 532.4 (15.8) 523.9 (21.9) 0.41 NS
Nimic (g N g ™) 52.0 (2.65) 51.3 (2.46) 0.12 NS
DHH (ug TPF g ' h'™") 6.15 (0.553) 5.35 (0.580) 11.8 0.005
FDA (ug fluorescein g ' h™') 205 (10.3) 224 (12.0) 24.6 0.007
ADA (ug NH,*N g'h™h) 2.73 (0.164) 2.56 (0.155) 2.40 NS
Chic:Ciot (%) 1.87 (0.058) 1.85 (0.081) 0.20 NS
CNmic 10.6 (0.456) 10.5 (0.395) 0.11 NS
Ciot (%) 2.86 (0.022) 2.84 (0.024) 1.04 NS
Niot (%) 0.231 (0.002) 0.230 (0.002) 0.01 NS

Values are means of two treatments and three sampling dates (standard errors of means in parentheses); n=72

There is no evidence in the literature linking FDA
hydrolysis and root exudate quality or quantity; however,
enzymatic activity of root exudates and the influence of
exudates on enzyme production have been reported for
other enzymes (Odunfa and Werner 1981; Siciliano et al.
1998). These assumptions regarding the effects on FDA
hydrolysis need to be confirmed in more detailed studies by
determining the influence of different plant species and root
exudates on enzyme activity.

The uncharacteristically low levels of microbial biomass
C and associated ratios (microbial C:N and C,;;.:Cyy) in
November 2003 were difficult to explain. The lower soil
moisture contents due to less frequent irrigation after lupin
incorporation and the high temperature on the sampling
date could have reduced the microbial biomass in Novem-
ber 2003 (Gunapala and Scow 1998). The relatively higher

rates of ADA (when compared with the other sampling
dates), especially for BHU-ORG, which had the lowest
levels of microbial biomass C, might support this theory
and indicate a stress response of the microbial community
(Nsabimana et al. 2004). Nsabimana et al. (2004) found that
similar to the metabolic quotient (ratio of respiration to
microbial biomass), activity of arginine deaminase per unit
of microbial biomass can serve as an indicator of
disturbance or efficiency of the microbial community with
higher levels indicating a less efficient, more stressed
community (Wardle and Ghani 1995). However, the lack
of a correlation between soil moisture and ADA (R*<0.1)
contradicts the assumption and soil moisture levels could
not account for all of the variation. The large variability
within replicates for C., ADA, and soil moisture in
November 2003 could not be explained.

Table 5 Correlation coefficients determined among soil properties in BHU and LCF soils in lysimeters

Conic Nomic DHH FDA ADA Coon Niot Conic:Cot
BHU

Noic 0.57%*

DHH 0.52* 0.79%**

FDA —0.63%*** —0.79%*** —0.91***

ADA 0.13 0.44%* 0.47* -0.25

CNic 0.31 —0.59%* —-0.42 0.30 —0.47*

Ciot -0.27 -0.09 0.10 0.06 0.17 -0.24

Niot —0.51* —0.26 -0.16 0.27 0.22 —0.26 0.82%**

Comic:Crot 0.99%** 0.56+* 0.47* ~0.60%* 0.09 0.33 —0.42% —0.62%*
LCF

Noic 0.63%#*

DHH 0.40%* 0.82%**

FDA —0.40%* —0.807%** —(0.93%%*

ADA 0.01 0.30 0.35 -0.21

CNpic 0.17 —0.65%%* —0.62%%%* 0.627%%* -0.35

Ciot 0.10 —0.21 -0.25 0.26 —0.02 0.36%

Niot —0.54 —0.54** -0.36* 0.40%* 0.10 0.15 0.58%%*

Conic:Crot 0.98##* 0.68%** 0.45% ~0.45% 0.01 0.09 ~0.10 —0.66%**
*<0.05

**p<0.01

##%p<0.001

n=28
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Table 6 Correlation coefficients determined among soil properties of ORG and CON samples in lysimeters

Cinic Ninic DHH FDA ADA Ciot Niot Chic:Ciot
ORG
Ninic 0.52%*
DHH 0.26 0.89%**
FDA -0.38* —0.81%%* —(0.88*3%*
ADA —-0.08 0.48* 0.65%*%* —0.60**
CNpnic 0.16 —(0.75%%%* —0.80%%%* 0.64%** —0.59%**
Ciot -0.10 -0.24 -0.29 0.49* —0.45* 0.19
Niot —0.56** —0.42%* -0.31 0.52%* 0.04 0.04 0.70%*%*
Chnic:Ciot 0.96%** 0.55%** 0.32 —0.49* 0.04 0.10 —-0.38 —0.73%**
CON
Ninic 0.67%**
DHH 0.63** 0.72%*%
FDA —0.60** —0.80%*%%* —0.93%%%*
ADA 0.22 0.26 0.54%** —0.41%*
CNnic 0.30 —0.49* -0.22 0.37 -0.12
Ciot -0.18 -0.22 -0.23 0.27 —0.44* 0.08
Niot —0.52* -0.36 -0.23 0.23 —-0.03 —-0.18 0.62%*
Chnic:Ciot 0.98%** 0.68%*%* 0.65%*%* —0.63%%* 0.30 0.27 -0.37 —0.61%**
n=28
*p<0.05
**p<0.01
**%p<0.001

Changing (from organic to conventional management and
vice versa) and adjusting management practices across the
treatments (same crop rotation, cultivation, and irrigation)
should result in a decline of initially observed differences in
microbial biomass and activity between the two sites as soil
microbial communities are largely influenced by organic matter
amendments and plant species that release root exudates of
varying quantity and composition into the soil (Grayston et al.
1998; Lupwayi et al. 1998). In contrast, total C and N levels
were expected to remain at the same levels, as they are
considered more stable and less affected by changes in
management practices in the short-term (Wander et al. 1995;
Haynes 1999).

At the end of the experimental period, ORG and CON
samples and BHU and LCF samples, respectively, could
not be distinguished from each other in terms of microbial
biomass and total C and N, while microbial activity (DHH,
ADA, and FDA) showed significant differences between
treatments. This suggests that unlike enzymatic activity,
microbial biomass was not affected by past management or
short-term mineral fertilization but by the management
practices that were the same for all treatments (i.e., crop
rotation and incorporation of green manure). These obser-
vations are in accordance with Gunapala et al. (1998) who
reported no differences in microbial biomass C and N after
the addition of organic material to soils that had been under
long-term organic and conventional management, and with
Bolton et al. (1985) who found that short-term mineral
fertilization did not affect the microbial biomass.
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The difference between BHU and LCF samples in
microbial activity after almost 3 years under the same crop
rotation indicates that the influence of past management on
enzymatic activities persisted over time. The differences in
microbial activity between the two soils were observable
even after the addition (as for BHU—CON) or cessation of
mineral fertilization (as for LCF-ORG), which indicates
that some “residual activity” was present that did not
respond quickly to changes in management practices and
that the enzymatic activities were not affected by the
addition of mineral fertilizers. Similarly, other studies
emphasized the positive effects of the addition of organic
matter but did not find a particular negative impact of
fertilization on microbial community size, i.e., biomass, and
activity (e.g., Bolton et al. 1985; Fraser et al. 1988).

The difference in DHH activity between ORG and CON
samples and BHU and LCF soils, respectively, could
indicate either a positive effect of organic fertilizers or a
negative effect of mineral fertilization. The addition of the
mineral fertilizer might have influenced DHH activity
without affecting the size of the microbial community by
inhibiting certain metabolic processes or microbial groups.
Kumar and Tarafdar (2003), for example, suggested that
DHH activity is mainly carried out by bacterial and
actinomycete populations, while the contribution of fungal
activity is usually limited.

FDA hydrolysis and ADA, on the other hand, were higher in
CON soils at most sampling points, with differences between
treatments increasing over time. Other researchers reported
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increases in FDA hydrolysis as a result of organic amendments
(e.g., Pfotzer and Schiiler 1995; Pankhurst et al. 2005).
However, most of these studies compared the effects of
mineral fertilization in one treatment with organic amend-
ments in the other treatment. The positive influence of mineral
fertilization on FDA hydrolysis activity seen in our study
might be the result of indirect effects of increased plant and
root biomass and activity that increased enzyme production
(Doran et al. 1988).

The differences between ORG and CON in ADA
suggest differences in the N cycle, particularly in N
mineralization, of the differently fertilized soils, which in
turn indicates differences in microbial community structure.
However, ADA rates did not follow any obvious trends
during the trial period, which suggests that ADA might be
subject to high seasonal variability. It is important to keep
in mind that enzyme assays measure potential rather than
actual activity and that enzymes can be bound to inorganic
complexes or organic colloids and persist in soils for many
years. Measurements of enzyme activities under laboratory
conditions are therefore only estimates of the actual activity
of the enzyme in soils and over- and underestimation can
occur (Dick 1997; Nannipieri et al. 2002). The effects of
mineral amendments on enzyme activities and individual
microbial groups and the contribution of specific microbial
communities to the enzyme activities need to be studied in
more detail.

The correlations between microbial biomass and activity
showed only minor differences when assessing past and current
management effects separately. However, some differences in
the strength of the correlations could be observed between the
treatments, i.e., for some treatments microbial biomass was
more closely related to activity levels (and vice versa) than for
other treatments. This indicates that similarly sized microbial
communities expressed varying rates of activity and that
farming history and current management practices had an
effect on certain aspects of the soil biota that could not be
determined using the methodology chosen for this study. A
likely explanation is the presence of differences in the microbial
community composition as a result of past management and
fertilization strategy. It is possible that varying proportions of
the microbial biomass were inactive, showed inefficient
substrate use, and that the enzyme activities were influenced
by other inherent soil factors.

The negative correlations of FDA with most other
microbial soil properties (except microbial C:N ratio and
total C and N) are inconsistent with other researchers’
observations (Haynes 1999). Assuming that the FDA assay
also measures activity of extracellular enzymes, which
could account for the differences among the three enzyme
activities, supports the suggestion that FDA is not an
accurate measure of microbial activity and emphasizes the
importance of not relying on a single enzyme assay

(Nannipieri et al. 2002). The strong negative correlation
of FDA and N, indicates a relationship between this
enzyme assay and N dynamics in the soil (Smith 1994).
This assumption is also supported by the increase of FDA
hydrolysis in the treatments that received mineral fertilizer.

Conclusions

The decline in differences in the size of the microbial
community in soils with organic and conventional farming
histories suggests that the impact of crop rotation and green
manuring (i.e., short-term management practices that were
the same for all treatments) was greater than the effects of
site history and mineral fertilization. The incorporation of a
lupin green manure stimulated the growth and activity of
the microbial community, indicating that the microbial
communities in both soils were adequate in size, composi-
tion, and activity to respond to the addition of organic
materials and that neither long-term organic nor conven-
tional management had an inhibiting effect on the soil
biota. DHH activity was consistently higher under organic
and FDA under conventional fertilization, suggesting that
these enzyme activities were negatively and positively
affected by applying a mineral fertilizer, respectively. These
assumptions need to be verified in more detail. Relation-
ships between enzyme activities and microbial biomass C
and N varied for the treatments indicating differences in
microbial community compositions as a result of long- and
short-term management, which could not be detected by the
methods used in this study. This should be confirmed by
determining the links between the enzyme activity and, for
example, genetic diversity of selected microbial groups.
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