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Abstract

Background: Soil samples were taken after 27 years from a long-term field experiment to study the effects of com-
posted pure cattle farmyard manure (FYM) and two FYM treatments with biodynamic preparations on soil chemical
and microbiological properties.

Methods: Soil organic carbon (SOC), total nitrogen, basal respiration, fungal ergosterol, microbial biomass C (MBC)
and nitrogen (MBN) were analyzed in a 6-field crop rotation system, conducted as a randomized block design with

six replicates. The multi-substrate-induced respiration (multi-SIR) approach was used to assess microbial functional

diversity by the respiratory response of 17 low molecular weight organic substances.

Results: All composted FYM treatments revealed generally positive effects on SOC, total N, basal respiration, MBC,
and MBN in contrast to control without FYM. Only fungal ergosterol was not increased by FYM application. After 27
experimental years, discriminant function analysis of multi-SIR data not only revealed significant general effects of
biodynamic preparations, but was also able to differentiate between the sole application of the Achillea millefolium
preparation and the standard application of all 6 biodynamic compost preparations.

Conclusions: The Achillea preparation was specifically able to improve the N status of the microbial community as
indicated by the higher catabolic use of D-glucosamine as well as the amino acids y-aminobutyric acid, L-cysteine,
and L-leucine. The reason for different effects of the sole Achillea preparation and all 6 preparations cannot be
explained by the current study.
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Graphical Abstract

Composted farmyard-manure and biodynamic preparations effects on soil chemical and

microbial properties in a 27-year long-term field experiment
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and all 6 biodynamic compost preparations

Background

Farmyard manure (FYM) is one of the main tools used
in organic agriculture to improve soil fertility [1] and
to increase soil organic carbon (SOC) storage [2-5],
which promotes climate change mitigation [6, 7], ero-
sion landslide reduction and livelihood benefits [8],
while environmental quality (soil, water, and air) is
enhanced [9]. This contrasts with the inorganic ferti-
lization of conventional agriculture, where typically
annual crops are featured, promoting their growth with
synthetic fertilizers [10] and chemical pesticides [11],
disturbing soil through tillage [12] and leaving the soil
bare in no crop-growing periods. Thus, FYM applica-
tion is an important alternative agricultural practice
that also reduces other environmental burdens, such as
biodiversity damage [13, 14]. Biodynamic agriculture
is the oldest certified organic farming method and has
looked for alternative approaches since inorganic nitro-
gen fertilizers were first applied [15, 16]. Today, over
251,000 ha have been certified according to Demeter
standards in 55 countries [17].

In biodynamic agriculture, FYM is composted and
usually supplied with six preparations as a standard
application. The compost biodynamic preparations
consider yarrow (Achillea millefolium L.) blossoms,
chamomile (Matricaria recutita L.) blossoms, sting-
ing nettle (Urtica dioica L.) shoots, oak (Quercus
robur L.) bark, dandelion (Taraxacum officinale L.)
flowers, and valerian (Valeriana officinalis L.) flower

extract, numbered 502 through 507 [18, 19]. Previous
reports often showed no clear differences between tra-
ditional and biodynamically prepared compost [20,
21] or biodynamic practices [22]. However, numer-
ous peer-reviewed research papers published over the
past decade [23-32] point to the possibility of positive
biodynamic farming effects in controlled long-term
field experiments, case studies, and on-farm research
trials. These positive influences comprise effects on
soil quality [31, 33], soil biodiversity [13, 23], N and P
availability to soil microorganisms, as well as balancing
contrary effects of microbial functional diversity [28].
Despite these positive observations, there is ongoing
debate about how biodynamic preparations function
[15]. Due to the increasing focus on global biodynamic
production over the past few years [17], this manage-
ment approach is clearly worth studying in more detalil,
using established and reliable research methods.

Soil microorganisms are considered key drivers for the
maintenance of terrestrial ecosystems [34, 35]. Microbial
biomass indices reflect the availability of C, N, S, and P in
soil [36, 37]. Consequently, they are key components for
assessing soil fertility and quality [38, 39] in different agri-
cultural management systems [13, 28, 38, 40]. Soil qual-
ity is defined as the capacity of a soil to function within
ecosystem to maintain key biological functions, environ-
mental quality, and promote plant and animal health [38,
41]. This concept reflects the complexity and site-speci-
ficity of terrestrial ecosystems and the multiple linkages
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occurring between soil functions and soil-based ecosys-
tem services [41]. Therefore, the evaluation of biological
indicators of soil quality is necessary to link the microbial
community composition and activity to the changes in
the soil abiotic properties [39]. Multi-substrate induced
respiration (multi-SIR) is a sensitive method used to
determine the catabolic fingerprint of microbial com-
munities [42]. Briefly, low molecular weight organic sub-
stances are added to the soil, and microbial utilization is
measured by CO, release.

The long-term trial was established in 1993 near Bonn,
Germany, to investigate the effects of biodynamic com-
post preparations after 8 years [33]. In this study, the
application of FYM resulted in strong positive effects on
SOC and microbial biomass C (MBC), whereas the bio-
dynamic preparation had no significant additional effects
with the only exception of decomposition activity. After
100 days, the decomposition of cotton strips buried in soil
was significantly faster in plots that received FYM with all
6 recommended preparations than in plots that received
pure FYM or FYM solely with the Achillea preparation.

As the field experiment is still ongoing, the opportu-
nity was taken to resample all treatments in 2020, with
the objective of analyzing MBC and microbial biomass
nitrogen (MBN), fungal ergosterol, as well as functional
microbial diversity, using the multi-SIR approach. The
underlying hypothesis was that multi-SIR is able to dif-
ferentiate between the three FYM treatments, pure FYM,
FYM + Achillea and FYM + all 6 preparations.

Materials and methods
Site description
The experimental site is located on the certified organic
research farm Wiesengut of the University of Bonn
in Hennef (50°48’ N, 7°17" E, 65 m asl) Germany. The
experimental farm is situated in the Sieg river valley on
a loamy Fluvisol [43]. It has been under organic man-
agement practices since 1986. The annual average tem-
perature and precipitation are 10.3 °C and 840 mm,
respectively [44]. The long-term field trial was estab-
lished in 1993. Since then, cattle manure from Wiesen-
gut livestock has been collected for a 90-day composting
process carried out each autumn. The first FYM com-
posting began in November 1992 and all matured FYM
compost was applied each following year between Febru-
ary and March. All FYM treatments applied previously
to soil sampling in July 2020 contained similar amounts
of total C (338+16 g kg™!), total N (27+3 g kg™,
total K (2042 g kg™?), total P (4+0.5 g kg™!), dry mass
(25+2%), and pH (8.431+0.1).

Six main crops were arranged for a yearly rotation,
including grass-clover, potatoes, winter wheat, field bean,
spring wheat, and winter rye with an under-sown mixture
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of grass and red clover. The biodynamic preparations for
the compost consisted of six herbal substances added to the
compost piles at a rate of 9-10 g each to about 1.5 t dairy
manure [33] to improve the final quality product [18, 19].

Experimental design and treatments

Four treatments with six replications were arranged in a
randomized block design: (1) control without FYM appli-
cation, (2) pure FYM application, (3) FYM with Achillea,
and (4) FYM with all six preparations. Before the conver-
sion of the experimental site Wiesengut to organic farm-
ing in the mid-1980s, soil potassium levels were very
low. Since the Achillea preparation is linked to potas-
sium processes by its developer Steiner [45], this treat-
ment was chosen independent of increased soil nutrient
levels in later farm management. Agricultural practices,
such as weed management, sowing, and soil prepara-
tion, were identical among all experimental plots. Three
FYM piles were prepared following recommendations by
Koepf et al. [46]. For the five solid biodynamic applica-
tions 502 to 506, 50-cm-deep holes were bored around
the FYM pile, and each was poured separately. Each hole
was closed again with dairy manure. The liquid vale-
rian preparation 507 was poured in 8-L tap water and
sprayed on top of the pile. The same amount of water was
sprayed on the treatments without the valerian prepara-
tion. Windrows were covered with straw and composted
for approximately 90 days (average over the years) under
similar conditions before application. In experimental
plots of 60 m? (6 x 10 m), FYM was manually applied
according to the treatments at the rate of 30 t ha=* a™! (~
25% dry mass).

Sampling

Six replicate soil samples per plot were collected from
each useful area of the 24 plots (3 x 8 m) under spring
wheat in July 2020. Samples were taken at 0—10 cm
depth (higher microbial activity than deeper layers [47,
48]), using steel rings with a 9.7 cm inner diameter and
10 cm height. Prior to analysis, soil samples were sieved
(<2 mm) and stored in polyethylene bags at 4 °C.

General soil properties

Soil pH was measured with a glass electrode using a 1:2.5
soil-to-water (w/v) ratio. For soil texture, soil organic
matter was first removed with 10% H,O,, followed by
the addition of 0.4 M Na,P,0O; to ensure effective micro-
aggregates dispersion [49]. Sand determination was
done by wet-sieving and gravitational separation for silt
and clay contents [50, 51]. Carbonate content [52] was
determined using a Scheibler apparatus (Calcimeter
Bernard, Prolabo, Paris, France) [51]. Total carbon and
nitrogen were obtained using a Vario MAX CN analyzer
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(Elementar, Hanau, Germany). Soil organic carbon (SOC)
was calculated as total C minus carbonate C [53, 54].
Water holding capacity (WHC) was determined using
glass tubes with 30 mL capacity and a porous membrane
at the bottom [55].

General microbial properties

Prior to analysis for microbial soil properties, soil sam-
ples were adjusted to 50% WHC and pre-incubated for
seven days at 22 °C in the dark. Basal respiration was
determined by incubating 50 g soil (oven-dry mass basis)
in sealed and airtight jars [56]. CO, evolved from micro-
bial activity was trapped in 5 mL 0.5 M NaOH. Solutions
were titrated with 0.5 M HCl after adding saturated BaCl,
solution [28]. The rest of the microbial properties were
measured from incubated soil for basal respiration.

MBC and MBN were determined by chloroform-fumi-
gation extraction (CFE) [57, 58]. Soil samples were split
into two parts (10 g of moist soil each) for fumigated and
non-fumigated treatments. Soil samples for fumigation
were placed in a desiccator with chloroform for 24 h at
room temperature. Samples from both treatments were
extracted with 40 mL K,SO, (0.5 M) by 30 min horizon-
tal shaking at 200 rev min™' and filtered (3-HW, Sarto-
rius Stedim Biotech, Gottingen, Germany). The content
of organic C and total N in the extracts was measured by
using a Multi N/C 2100 S analyzer (Analytik Jena, Ger-
many). MBC was calculated as E-/kg, where E. is the
difference between organic C extracted from fumigated
and non-fumigated soil, and kg is 0.45 [59]. MBN was
calculated as Ey/kgy, where Ey is the difference between
total N extracted from fumigated and non-fumigated
soil, and kg is 0.54 [60].

Ergosterol was extracted from 2 g moist soil with
100 mL ethanol by 30 min horizontal shaking at 250 rev
min~! [61] and quantified by reversed phase HPLC, using
100% methanol as mobile phase and a detection wave-
length of 282 nm [62, 63].

Multi-substrate induced respiration (multi-SIR)

Multi-SIR was determined using the MicroResp
method [64, 65]. Soil samples were adjusted to 35%
WHC, soil with a higher WHC than required being air-
dried in large trays at 15 °C until 35% WHC was reached.
Into each 1.1 mL well of a deep-well microtiter plate
(Nunc, Thermo Electron, Langenselbold, Germany),
300 mg were placed and incubated for 7 days in the dark
at 25 °C prior to multi-SIR analysis. The physiologi-
cal profiles were determined by adding aqueous solu-
tions of 17 different C sources, including six amino acids
(y-aminobutyric acid (GABA), L-serine (Ser), L-alanine
(Ala), L-cysteine (Cys), L-glutamine (GluN), and L-leu-
cine (Leu)), three amino sugars (N-acetyl-glucosamine
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(NAG), D-glucosamine (GlcN), and D-galactosamine
(GalN)), four sugars (L-arabinose (Ara), D-galactose
(Gal), D-glucose (Glc), and D-fructose (Fru)), sugar alco-
hol sorbitol (Sor), phenolic organic acid protocatechuic
acid (ProCa), two carboxylic acids (malic acid (MA) and
citric acid (CA)), and distilled water (= basal respiration).
Substrates were selected according to previous studies
[28, 40, 47, 65] and considered as relevant as plant root
exudates [66, 67] and metabolites [68, 69].

The MicroResp system consists of two deep-micro-
plates (96 wells) placed face to face, one plate holding
the soil samples with the carbon source and the other
plate containing a gel with pH indicator dye [64]. A sili-
cone rubber gasket with interconnecting holes between
the corresponding wells allows the CO, evolved to be
trapped in the detection gel. C source solutions were
prepared by dissolving substrates at a concentration of
8 mg g~ ! dry soil and considering 20 pl of solution in each
well. Due to the lower solubility of Cys, GIuN, Leu, and
ProCa, solution concentrations were reduced to 4, 2, 1.3,
and 0.8 mg g~ ! soil, respectively. Gel plates were stored in
dark plastic bags with wet paper towels and soda lime to
avoid desiccation or atmospheric CO, reaction.

C sources were added to the soil (20 pl per well) and
immediately sealed. A microtiter plate reader was used
for colorimetric detection of the gel plates and measured
before (T0) and after 4 h (T1) incubation at 25 °C and
CO,-trap absorbance of 572 nm (FLUOstar, BMG, Offen-
burg, Germany). Before measuring CO, evolution with
the MicroResp ', the CO, trap is calibrated [40], and the
calculation is performed as pl CO,=51 x (0.2+ ABS)?,
where ABS is the absorption difference between T1 and
TO.

Statistical analysis

Data are presented as arithmetic mean on a dry weight
basis. Data were tested for normal distribution using the
Shapiro—Wilk’s test and for homogeneity of variances via
Levene’s test. Transformation data were done if required,
and non-transformed data were used to represent results
in graphs. The significance of treatments effect was ana-
lyzed by a two-way ANOVA with block and treatment
as factors, followed by Tukey’s Honestly Significant Dif-
ference (HSD) test to compare treatments. Differences
between the mean of the three FYM treatments and the
non-amended control were assessed using an independ-
ent sample t-test. Discriminant function analysis was
conducted on the multi-SIR data for all samples, using
SPSS 16.0 statistical software (SPSS 16.0).
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Table 1 Soil texture and soil chemical parameters as affected by different farmyard cattle manure applications over 27 years. Long-

term field experiment Wiesengut

Treatment Sand Silt Clay Soil pH Extractable P Extractable K
(%) (H,0) (ng g~ soil)

Control 439 456 104 6.63 34b 104 b

FYM 456 443 10.1 6.70 45a 171 ab

FYM—+ Achillea 47.1 429 10.0 6.60 38ab 134 ab

FYM + all preparations 46.1 43.8 10.8 6.69 45a 197 a

CV (%) 7.3 7.8 13 2.1 16 34

CV =mean coefficient of variation between replicate plots (n = 6); different letters within a column represent a significant difference (p <0.05; Tukey test)

Table 2 Soil organic carbon (SOC), microbial biomass carbon (MBC), ergosterol, basal respiration, ratio of MBC/SOC and ergosterol/
MBC, and the metabolic quotient qgCO,, as affected by different farmyard cattle manure applications over 27 years. Long-term field

experiment Wiesengut

Treatment Nola MBC Ergosterol co, MBC/SOC Ergosterol/MBC qCo,
(mg g~ soil) (ng g~ ! soil) (ug Cg~'soil (%) (mg CO,-C
d™) g ' MBC

d™)

Control 9.1b 210b 0.29 6.65 2.30 0.15 30a

FYM 10.1a 265 a 0.26 5.97 263 0.10 22ab

FYM+ Achillea 99a 270 a 032 553 273 012 18b

FYM + all preparations 94 ab 229ab 032 592 244 0.15 27 ab

CV (%) 6.0 2.8 14 55 12 27 26

CV =mean coefficient of variation (n=6); different letters within a column represent a significant difference (p <0.05, Tukey test)
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Fig. 1 Concentration of total N and microbial biomass nitrogen
(MBN) in soil samples from experimental plots with four FYM
treatments over 27 years. Long-term field experiment Wiesengut.
Different letters on top of the bars represent significant differences
from other treatments (Tukey's test)

Results

General soil and microbial properties

Soil texture and pH did not differ between the treat-
ments (Table 1). The three FYM treatments, in compari-
son with the control treatment, significantly increased

(p<0.05, t-test) extractable P [+9 pg g~* soil], extract-
able K [+63 pg g~ soil], SOC [+0.7 mg g~! soil], MBC
[+45 pg g soil] (Table 2), total N [+ 80 pg g~ soil], and
MBN [+9 pg g soil], but decreased basal respiration
[-0.84 pg CO,-C g~! soil d™!], and metabolic quotient
gCO, [-8 mg CO,C g MBC d™'] (comparison of the
single treatments with Tukey test in Table 2 and Fig. 1).
In contrast, the ergosterol content remained generally
unaffected by FYM incorporation. The mean SOC/total
N ratio varied around 9.6 and the mean MB-C/N ratio
around 4.1, without any FYM treatment effect. The three
FYM treatments, in contrast to the control, increased but
not significantly the contribution of MBC to SOC 2.3 to
2.6% and MBN to total N from 6.0 to 6.4%, whereas the
contribution of ergosterol to MBC was decreased from
0.15 to 0.12%. Among FYM treatments, biodynamic
preparations had no specific further significant effects on
any general soil chemical and microbial properties.
Averaging all four treatments, the mean water-induced
basal respiration of the multi-SIR-approach was 1.05 pl
CO, g' h'! (=135 pg g ! soil d7?), approximately
125% higher than the mean basal respiration of the static
microcosm approach (Fig. 2a; Table 2). The two activ-
ity indices were not significantly correlated (r=— 0.20,
p=0.4). The mean MBC-SIR of all four treatments was
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Fig. 2 a Mean catabolic response for sugars (L-arabinose (Ara),
D-galactose (Gal), D-glucose (Glc), and D-fructose (Fru)), sugar alcohol
sorbitol (Sor), phenolic organic acid protocatechuic acid (ProCa),
carboxylic acids (malic acid (MA) and citric acid (CA)), and distilled
water (= basal respiration), in experimental plots with four FYM
treatments over 27 years. Long-term field experiment Wiesengut.
Mean = standard deviation. Different letters on top of the bars
represent significant differences from other treatments (Tukey's test)
b Catabolic response for amino acids (y-aminobutyric acid (GABA),
L-serine (Ser), L-alanine (Ala), L-cysteine (Cys), L-glutamine (GIuN),

and L-leucine (Leu)), and amino sugars (N-acetyl-glucosamine (NAG),
D-glucosamine (GlcN), and D-galactosamine (GalN)) in experimental
plots with four FYM treatments over 27 years. Long-term field
experiment Wiesengut. Mean = standard deviation, t=4, r=6, n=24.
Different letters on top of the bars represent significant differences
from other treatments (Tukey’s test)

301.09 pg g ! soil, calculated according to Kaiser et al.
[70] based on Glc-induced respiration (30 x 10.04 pl
CO, g ! h™), i.e, approximately 24% higher than the
mean MBC concentration obtained by the CFE method
(Fig. 2a; Table 2).

Microbial functional diversity

The lowest respiratory responses were exhibited after
the addition of the amino acids GABA, Cys, Leu, and the
amino sugars GlcN and GalN, all ranging from 1.57 to
3.5 ul CO, g~ ! soil h™}, averaging all treatments (Fig. 2b).
The highest mean respiration rates were measured after
applying malic and citric acid (13.82 and 20.86 ul CO,
g ! soil h™, respectively, Fig. 2a). All substrates added,
except GalN, were significantly affected by the three
FYM treatments, in most cases increased.

Averaging all 17 substrates added, the FYM + Achil-
lea treatment showed the highest mean respiratory
response, decreasing in the order FYM + all preparations
> FYM > control (6.97, 6.95, 6.93, and 6.61 pl CO, g~!
soil h™, respectively). In the FYM + Achillea treatment,
the addition of GABA, Cys, Leu, GIcN, Ara, Gal, Glc, Sor,
and ProCa exhibited the highest respiratory response,
whereas MA and CA led to the lowest response. The
addition of Ser, Ala, GluN, and NAG attained the high-
est respiratory response in the pure FYM treatment.
The addition of MA and CA led to the highest respira-
tory response in the FYM+all preparations treatment
(Fig. 2a, b).

Discriminant function 1 clearly separated the FYM
treatments from the non-amended control (Fig. 3).
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Discriminant function 2 separated all three FYM treat-
ments from each other, with largest distance between the
pure FYM treatment and the FYM + Achillea treatment.

Discussion

General soil and microbial properties

The 27-year field experiment at Wiesengut, Hennef, is
especially suitable for investigating the effects of biody-
namic preparations, as the soil of the treatment plots did
not differ in texture or in soil pH. These two soil proper-
ties have dominating effects on soil microorganisms and
often override subtle treatments effects, even in the long
term. This is a serious problem in the DOK experiment
[71] and in the Darmstadt long-term fertilization experi-
ment [62]. The mean pH has increased by 1.41 units in
the topsoil since 2001 [33] by liming. This has general
positive effects on soil microorganisms [72, 73] and SOC
sequestration by supporting the formation of Ca—humus
bridges [74].

Increases of SOC, MBC, total N, and MBN in the three
FYM treatments, in contrast to the control, are in line
with the positive effects of FYM incorporation usually
observed in arable soils [20, 75-77]. The same is true for
increased MBC/SOC and MBN/total N ratios, indicat-
ing an increased SOM availability to soil microorganisms
in FYM amended soils [33, 78, 79]. The low MB-C/N
ratios observed in all treatments indicate sufficient N
and P availability for a generally C-limited soil microbial
community [28]. The MBC/SOC ratios and gCO, were
negatively correlated (r=— 0.43, p<0.05), as repeatedly
observed [80-82], demonstrating the inverse relationship
between anabolism and catabolism, caused by manage-
ment-induced shifts in maintenance energy requirements
of soil microbial communities [83]. The current gCO,
values were in the range obtained by Mader et al. [13],
whereas those obtained by Zaller and Kopke [33] were
considerably higher, due to a 4-times higher mean basal
respiration.

In contrast, the mean MBC contents, obtained by the
SIR method, varied around 301 pg g! soil, i.e., between
the current CFE (Table 2) and SIR data. However, the
similarity between these MBC estimates is remarkable,
considering the difference in methodological approaches.
This gives confidence in the general reliability of the
multi-SIR approach. In contrast, basal respiration exhib-
its considerably more variation, as this important index is
more strongly affected by measurement details, i.e., pre-
treatment, length of incubation period, and CO, meas-
urement system [40, 84].

The absence of positive effects of the three FYM treat-
ments on the fungal cell-membrane ergosterol and on
the ergosterol/MBC ratio was previously observed in
the Darmstadt long-term fertilization experiment. FYM
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incorporation increased bacterial biomass in particular,
due to the heat period during composting of the feces/
straw mixture [20]. In arable and grassland soils, ergos-
terol is a highly specific indicator for the contribution of
saprotrophic fungi to the soil microbial biomass [85, 86].
The relatively low ergosterol/MBC ratio may suggest a
strong presence of arbuscular mycorrhizal fungi, which
do not contain ergosterol [85]. The absence of a corre-
lation between the ergosterol/MBC and MB-C/N ratios
(r=— 0.35, p=0.1) support the view that the contribu-
tion of saprotrophic fungi to the microbial community is
not reflected by the MB-C/N ratio [28].

Multi-SIR approach and nutrient cycling

In most studies, usually no effects of biodynamic prepa-
rations were reported, including plant physiological per-
formance [87], soil fertility [21], or microbial biomass
and activity indicators [20]. This is in line with the cur-
rent result that biodynamic preparations had no discern-
ible effects on general soil and microbial properties. In
contrast, the current multi-SIR data not only revealed
significant general effects of biodynamic preparations,
but were also able to differentiate between the applica-
tion of FYM + Achillea and the standard application of
FYM + all preparations. The application of FYM + Achil-
lea showed a stronger ability to improve the N status of
the microbial community in comparison with FYM +all
preparations. This is indicated by the higher catabolic use
of glucosamine as well as the amino acids y-aminobutyric
acid, cysteine, and leucine (Fig. 2b). In contrast, N deple-
tion is indicated by a lower respiratory response to
N-containing substrates, as they are used for anabolic
growth processes by soil microorganisms [47].

The highest respiratory responses were obtained in car-
boxylic acids and the lowest in amino acids (except Ser
and GluN) and amino sugars, which is in line with results
from Sradnick et al. [40], with the highest and lowest
values in the same group of substrates. Nevertheless,
they reported roughly 70% lower respiratory responses
to the respective substrates, due to the markedly lower
MBC contents in the Darmstadt long-term fertiliza-
tion trial. Fritz et al. [28] investigated alkaline vineyard
soils and used similar substrates to those in the current
study. They observed no biodynamic preparation effects
on Ala, GluN, and GIcN, and the highest respiratory
response to Ser, Fru, and Glc addition. The respiratory
responses were on average roughly 50% lower due to the
alkaline pH, trapping partly the CO, evolved during the
short incubation period [40, 88]. The higher the respira-
tion rate, the lower the anabolic demand for a particular
substrate, indicating the C abundance of the soil micro-
organisms [28].
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The patterns of discrimination between treatments
were found to be generally repeatable observed by the
close proximity of variate scores from each treatment
(Fig. 3). The reasons for the effect of biodynamic prep-
aration are still a matter of considerable debate [15, 20,
24]. Although these preparations contain bio-stimulat-
ing compounds [31, 32], they could hardly explain their
effects, as they are sprayed and added in highly diluted
concentrations on compost, plants, and soil [33]. In the
laboratory, application of low concentrated soluble sub-
stances to soil caused a strong respiratory response, con-
siderably exceeding the amount of substrate added [89].
However, this effect has not been observed under field
conditions until now. Another explanation for biody-
namic preparation effects might be that their application
under practical farming conditions is changing attitude
and awareness of farmers to their management practices
[20, 28, 90]. However, such indirect effects seem to be
unlikely in replicated field experiments with small plots,
such as the current study.

Conclusions

The three composted FYM treatments, contrasted with
the control without FYM application, revealed generally
positive effects on all general soil chemical (SOC, total N)
and biological properties (basal respiration, MBC, MBN)
measured in the current study, except fungal ergosterol.
After 27 experimental years, discriminant function
analysis of multi-SIR data not only revealed significant
general effects of FYM incorporation, but was also able
to differentiate between the sole application of the
FYM + Achillea and the application of FYM +all prepa-
rations. The FYM + Achillea treatment was specifically
able to improve the N status of the microbial community,
as indicated by the higher catabolic use of glucosamine
as well as the amino acids y-aminobutyric acid, cysteine,
and leucine. The reason for different effects of the sole
Achillea preparation in comparison with all 6 prepara-
tions cannot be explained by the current study.
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