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Abstract: The chemical properties and enzymatic activity of the surface soil horizon were compared
between an organic farm (OF) (crop rotation with legume plants, fertilisation with manure) and
a conventional farm (CF) (simplified crop rotation, mineral fertilisation, chemical crop protection
products). In the years 2001-2017 on the OF (near the village of Juchowo, northern Poland), a reduced
tillage system (ploughless) was used, while plough cultivation was used on a CF located in its
immediate vicinity. The parameters used to assess the properties of soils were: particle size
composition, pH, total organic carbon (TOC) and total nitrogen (TN), dissolved organic carbon (DOC)
and dissolved organic nitrogen (DON). The activity of dehydrogenases (DEH), catalase (CAT), alkaline
phosphatase (AIP) and acid phosphatase (AcP) and the content of easily extractable glomalin-related
soil protein (EEGRSP) were also determined. Sixteen years of soil use in accordance with ecological
principles significantly increased the average content of TOC, NT, DOC and DON. Soil samples rich
in TOC and DOC showed significantly higher DEH and AcP activity, and EEGRSP content. Statistical
analysis showed that the activity of DEH, AIP and CAT in the soil was significantly higher for the
OF than for the conventional cultivation system. Limiting soil cultivation procedures on the OF
improved the balance of soil organic matter (SOM) and pH value, and significantly increased the
content of EEGRSP as compared to the cultivation system used on the CF.

Keywords: farming system; quality of soil; enzymatic activity; glomalin

1. Introduction

The primary goal of both conventional and organic farming is plant production. However,
in organic farming, all cultivation procedures aim to protect the environment while also maintaining
high crop quality, whereas in conventional agriculture the ultimate end is high yield, i.e., maximum
economic efficiency. In order to achieve the intended goal in conventional agriculture, repeated high
doses of artificial fertilisers and chemical crop protection materials are often used [1,2]. These may then
degrade the soil environment, contaminate the groundwater and negatively affect microorganisms.
Hence, an alternative to the intensification of conventional agriculture is organic farming, including
biodynamic farming [3,4]. European Union legislation [5] defines organic farming as a system of
sustainable management of plant and animal production within a farm, based on technologically
unprocessed biological and mineral substances.

Modern agriculture is increasingly departing from the traditional, plough-based, soil tillage
system, and no-tillage and non-inversion tillage are described as pro-ecological activities. Tillage
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systems refer to the tillage practices carried out between the harvests and describe cultivation operation
with the main two groups: ploughed and ploughless soil tillage. Conventional tillage defines soil
management practices with mouldboard ploughing, followed by the secondary cultivation to create
a seedbed. Conservation tillage and strip-till cultivation systems are increasingly being opted for.
The description of these soil cultivation systems and the simplifications they apply requires that not
only their production-related aspects but also those related to environmental effects be considered.
Deen and Kataki [6] report that reducing tillage treatments and performing them more shallowly slows
the rate of SOM mineralisation and increases CO, sequestration in soil. Conservation tillage also
prevents nutrient leaching and leaving plant residues on the soil surface reduces water loss from the
soil and prevents erosion [7]. The reduced tillage practices, also referred to as conservation tillage,
are one of the best alternatives to conventional tillage and they have increased globally over the last
two decades [8-10]. Conservation tillage is considered an agroecological practice for a sustainable
agriculture [11]. The non-plough-based cultivation practices, due to a reduction in soil disturbance,
have many benefits including the enhance water retention and reduce soil erosion by maintaining a
minimum of 30% of the soil surface covered by plant residues [12].

Organic farming promotes plant biodiversity management practices, conservation tillage with
permanent plant cover, more extensive use of crop rotation, associated crops or intercropping, weed
management and establishment of refuge areas for natural enemies of pests. The transition from
conventional to organic farming, with extensive use of organic practices, may lead to increase of pest
populations [13]. The decreasing pesticide application and stable environment in organic management
could improve the diversity of species suppressing pest populations [14]. The agroecological approach
implemented in organic management underlines the relevance of maintaining permanent plant cover
on the ground and enhancing biological control by providing favorable habitats to the natural species of
predators [14]. Weed management in organic farming system relies on the integrated cropping-system
with a balance between crop plants and weed reproduction cycles [15]. Crop rotation, cover cropping,
mulching, and conservation tillage methods, play an important role in organic farming system.
These practices can suppress weeds, reduce weed populations in the subsequent crops and reduce
the contribution of weed seeds to the soil seedbank. It also benefits soil fertility, disease, and pest
management. Chemical control in conventional agriculture may be employed in a short period of time,
but in organic farming effective weed management requires more time [16].

Soil productivity determinants that are very often decreased by tillage erosion include loss of
SOM, deterioration of soil structure, and lowered water-holding capacity. Agricultural management
practices significantly affect SOM amount and quality. Dissolved organic matter is defined as the
part of SOM that is decomposed by soil microbes relatively easily and at quite a high rate [17,18].
The turnover of DOC and DON are described as major pathways of element cycling in arable soils [19].

Arable soil is a very diverse environment in which microorganisms play a key role in the
biogeochemistry and circulation of elements, and in the decomposition of organic matter [2,20].
Enzymes in the soil environment affect the rate of release and availability of minerals to plants and
catalyse reactions involved in the decomposition of SOM [21-23]. Enzymatic activity is increasingly
being studied to assess the properties of soils being exploited in various ways, because it reflects
the current state of the soil environment [4,24]. According to some scientists [25-27], the factors
significantly affecting the content of soil organic matter in agricultural soils are fertilisation, crop
rotation and tillage treatments. Over recent years, as part of sustainable agriculture, the concept of a
conservation tillage system has been increasing in popularity [28]. This system is designed to leave
harvest residues on the soil surface. This produces conditions favourable to the increased activity of soil
microorganisms and arbuscular mycorrhizal fungi (AMF). AMFs are obligatory biotrophic organisms
that live in symbiosis with the roots of plants (80% of vascular plant species), and this ensures better
water and nutrient uptake. Glomalin is a kind of glycoprotein produced by AMF [29]. Furthermore,
the quantity of glomalin-related soil protein (GRSP) in soil is linked with land use. It is reported that
cropping systems and land management practices significantly influence the appearance of GRSP in
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soil. For example, the transition from plow tillage to a no-tillage system resulted in increasing GRSP
concentration and stability of soil aggregates [30]. Generally, intensive crop management exerts a
negative impact on GRSP content [31]. The more treatments mix the soil, the lower the concentration
of GRSP. In comparison to crop rotation systems, GRSP was determined in higher quantities in
undisturbed soil under perennial crops, especially grasslands [32,33]. It was found that GRSP accounts
for 25% and 52% of the total carbon in mineral soils and organic soil, respectively [34]. The amount of
GRSP is also affected by fertilisation. It was found that crop residues and natural fertilisers are more
favourable to GRSP increase than mineral fertilisation [35-37].

Two systems of cultivation were compared on soils with similar physical properties and similar
habitat conditions. On the OF, for 16 years, reduced tillage was used and manure or compost and
biodynamic preparations were applied. Meanwhile, on the CF, conventional tillage by ploughing
was used along with simplified crop rotation, and mineral fertilisation and synthetic crop protection
products were applied. The farming system with plougless tillage on the OF and ploughed tillage on
the CF have been compared. In addition, the differences also include the crop rotation, soil fertility
management with on-farm organic manure production and crop protection with bio-control of pests
and diseases used on the OF. Manure-based fertilization is an alternative to mineral fertilizer to
improve the soil environment and soil quality. Adding the legumes into the crop rotation allows fixing
atmospheric nitrogen and provides the source of easily absorbable nitrogen for subsequent crops.
The research objective was to assess the chemical properties and enzymatic activity of ecologically and
conventionally used soils.

2. Materials and Methods

2.1. Site Description and Soil Sampling

The study was carried out in fields of an OF (based on biodynamic agriculture) in Juchowo
(53°40717.40” N 16°29’24.00” E, Northern Poland) and CF fields in the immediate vicinity. Soils samples
represent the area being tested and the fields which are of the same soil type and appearance. The soil
type was classified as Luvisols according to WRB [38]. The fields of both farms have similar relief
features and the morphology of soil. This is an example of the transition from conventional tillage
to reduced tillage and the soils on the CF can be considered as control area for the soils of OF, which
allows assessing the soil properties and enzymatic activity after 16 years of organic soil management.
Twenty-four samples were taken from the arable horizon (0-20 cm) of both farms. The soil samples
were collected after the wheat harvest in the summer of 2017 prior to tillage operations on both of
farms. Soils on the OF before 2001 were actively farmed using conventional practices with ploughed
tillage method, with chemical fertilizers, without manure application and with cereals domination
in crop rotation. Until 2017, similar tillage practices were used on the CF. The soil sampling (24 soil
samples) was made up of 24 ha from the fields of both farms after at least 100 days after the last
mineral fertilization in spring; however, as for manure fertilization on the OF—after at least year.
One composite (average) sample represents an area of up to 1 ha and consists of 20 sub-samples
collected in a zig-zag pattern to represent the area as best as possible. The sub-samples were mixed
together thoroughly to obtain the composite soil sample which was submitted for analysis. To collect
sub-samples at the proper depth, an eject soil probe was used. A reduced tillage system was applied
in the OF continuously from 2001 onwards (Table 1). Mineral fertilisation of soils on the CF did not
exceed 140 kg NPK/ha/year (no liming). The mineral fertilisation of the OF soils involved fertilisers
permitted for ecological crops in doses of about 12 kg P and 20 kg K per hectare, while manure was
applied at a dose of 15-20 tonnes per hectare in a 3—4-year cycle.
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Table 1. Cultivation system.

OF—Reduced Tillage CF—Conventional Tillage

Post-harvest cultivation: stubble cultivator to a depth ~ Post-harvest cultivation: disk harrow to a depth of
of 6-8 cm and harrow 8-10 cm and fertilization

Basic preparation: cultivator to a depth of 15-20cm  Basic preparation: ploughing to a depth of 30 cm

Pre-plant tillage: cultivating and sowing aggregate Pre-plant tillage: cultivator followed by harrowing

2.2. Soil Sample Treatment and Methods of Analysis

The collected soil samples were dried and sieved through a 2-mm mesh. In the soil samples (tree
replication) the following were determined: particle size composition; pH in 1 M KCl; content of TOC,
TN, DOC, and DON. The particle size distribution was determined using a Mastersizer 2000 laser
diffraction particle size analyser (Malvern Instrument, Malvern, UK). Values of pH were measured
potentiometrically in 1 M KCI solution (soil:solution ratio of 1:2.5 w/v) using a pH-meter. The contents
of total organic carbon (TOC) and total nitrogen (TN) were assayed with a Vario Max CN analyser from
Elementar (Langenselbold, Germany). The content of dissolved organic carbon (DOC) was assayed in
soil solutions from extracting the soil of 0.004 mol dm~2 CaCl,. The content of DOC was determined
with a Multi N/C 3100 Analityk Jena (Jena, Germany) analyser.

2.3. The Activity of Enzymes

Enzyme activity studies were performed on fresh soils that had been stored at 4 °C for no more
than two weeks. The activity of selected enzymes: the activity of dehydrogenases (DEH) [E.C.1.1.1]
in soil was assayed with the Thalmann [39] method, the activity of catalase (CAT) [E.C.1.11.1.6] with
the Johnson and Temple [40] method, and the activity of alkaline (AIP) [E.C.3.1.3.1] and acid (AcP)
[E.C.3.1.3.2] phosphatase with the Tabatabai and Bremner [41] method, which facilitated the calculation
of enzymatic pH indicator defining the right soil reaction [42]:

AIP/AcP 1)

Based on the enzymatic activities of the samples, the biological index of fertility (BIF) was
calculated according to Stefanic et al. [43]:

BIF — 1.5DEH —1—2 1001<CAT’ o)

where: k is the factor proportionality equal to 0.01.
The indices of biochemical soil activity (BA12 and BA13) [44] were proposed based on the activities
of soil enzymes, the content of clay and the content of organic carbon:

BA12 = log;, TOC VDEH + CAT + AIP + AcP, 3)

BA13 = log,, Clay VDEH + CAT + AIP + AcP. )

Based on the enzymatic activities of the samples, the geometric mean of enzyme activities (GMea)
was calculated using a method [45] as follows:

GMea = 1/(CAT* DEHx AP+ AcP). ®)

2.4. EEGRSP Extraction and Determination

Because of the different methods of extraction and determination, the term “glomalin” is reserved
for purified protein [46], while the glycoprotein obtained using pressure extraction in sodium citrate
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solution is described as GRSP. Additionally, according to the number of extraction cycles it is specified
as EEGRSP: easily extractable GRSP (one cycle of extraction) or TGRSP: total extractable GRSP (several
extraction cycles) [47,48]. EEGRSP in soil samples was extracted following Wright and Upadhyaya’s
pressure method [47]. Determination of EEGRSP content was realised by the Bradford assay [49].
The absorbance of extracts was measured by UV-VIS Smartspec spectrophotometer (Bio-Rad 170-2525).

2.5. Statistical Analyses

Soil properties were treated with standard statistics and statistical tests (ANOVA). The statistical
analyses were performed using Statistica 10.0 (StatSoft Inc, Tulsa, OK, USA). Data was checked for
normal distribution. The significance of the differences between means was evaluated drawing on
Tukey’s test for uneven number. The relationship between the parameters was determined with the
Pearson correlation coefficient. The coefficient of variation (CV) was also calculated for the parameters
analysed for the entire study area. As for the values, 0-15%, 16-35%, and >36% indicate low, moderate
or high variation, respectively.

3. Results

3.1. Basic Properties of Soil and Content of EEGRSP

The studied soils were Luvisols with characteristic luvic and argic subsurface genetic horizons
(field observation). The OF surface horizon soil comprised 1.08-68.80% sand fraction, 28.41-89.42% silt
fraction, and 2.59-9.50% clay fraction. The percentage share of individual fractions in the CF soil was
similar, at 20.33-72.45% sand fraction, 23.9-71.82% silt fraction, and 2.65-7.85% clay fraction (Tables 1
and 2). The soil texture classes on the OF were: sandy loam (14 samples), silty loam (9 samples) and
silt (sample) and was similar to that on the CF, where 17 samples were sandy loam in texture and 7
were silty loam. The mean soil pH value at the OF was 6.04, which was significantly higher than the
soil cultivated in the conventional system (pH 4.82) (Tables 2 and 3).

Table 2. Basic parameters of soil and enzymatic activity.

Organic Farming Conventional Farming
Parameters

Min. Max. Med. SD Ccv Min. Max. Med. SD CvV
Sand 1.08 6880 5091 1634 348 2033 7245 5580 11.83 22.7
Silt 2841 89.42 4455 1464 304 2390 71.82 3959 1066 247
Clay 2.59 9.50 4.46 1.84 37.5 2.65 7.85 4.79 1.32 27.4
pH (1 M KCl) 452 6.82 6.06 0.53 8.80 2.65 7.85 4.79 1.32 27.4
TOC 8.80 36.2 114 6.92 48.7 6.50 24.0 9.70 3.73 36.2
N 0.80 3.90 1.10 0.71 50.7 0.70 24 1.00 0.38 34.5
DEH 0.25 0.66 0.41 0.12 28.6 0.21 0.48 0.29 0.07 22.6
CAT 0.05 0.16 0.08 0.03 33.3 0.03 0.11 0.08 0.02 28.6
AlIP 0.63 2.21 1.01 0.41 36.6 0.41 1.48 0.71 0.29 37.2
AcP 1.08 3.46 1.90 0.59 29.9 0.79 3.22 1.62 0.52 30.8
EEGRSP 0.41 2.12 1.05 0.341 33.1 0.42 1.17 0.87 0247 313
DOC 70.3 138 93.1 18.46 19.0 89.9 251 118 4264 313
DON 19.9 47.1 30.3 7.82 25.1 17.7 46.9 22.0 7.93 30.5

Sand, Silt, Clay [%]; TOC—total organic carbon [g kg’ll; TN—total nitrogen [g kg’l]; EEGRSP—easily
extractable glomalin-related soil protein [g kg™']; DOC—dissolved organic carbon [g kg™']; DON—dissolved
organic nitrogen [g kg~!]; DHA—dehydrogenases [mg TPF kg~! 24 h~!]; CAT—catalase [mg H,O, g~! min~'];
AlP—alkaline phosphatase and AcP—acid phosphatase [mM pNP kg™ h™']; Med.—median; SD—standard
deviation; CV—coefficient of variation.

Sixteen years of soil use in accordance with biodynamic principles had a significant influence,
increasing not only the pH value, but also the average contents of TOC and TN, which were 14.2 g kg™
and 1.42 g kg1, respectively. The CV values for the above-mentioned properties were higher in the OF
soil, indicating their high variability. The content of DOC, DON and EEGRSP was significantly lower



Agronomy 2020, 10, 1809 60f 13

in the soil cultivated on the CF than in the OF soil. Specifically, in the CF soil, the average contents
were: DOC 97.1 g kg™! DON 26.0 g kg~! and EEGRSP 0.79 g kg~!, while in the OF soil the contents
were significantly higher, at DOC 136 g kg~!, DON 31.2 g kg ! and EEGRSP 1.03 g kg~!. The CV values
for these properties indicated moderate variability and were similar for both farming systems.

Table 3. Results of statistical analysis (Anova, Tukey’s test).

Parameters * O;/‘[g::ric(;a:gz;g ConvMe:at;o:EIj;;zr)mng Significant (p)
pH (1 M KCl) 6.04 4.82 0.0002
sand 46.92 52.04 0.21
silt 48.17 43.14 0.18
Clay 491 4.82 0.84
TOC 14.2 10.3 0.019
TN 142 1.10 0.043
DHA 0.42 0.31 0.0005
CAT 0.09 0.07 0.048
AlIP 1.12 0.78 0.002
AcP 1.97 1.69 0.094
EEGRSP 1.03 0.79 0.007
DOC 136 97.1 0.007
DON 31.2 26.0 0.026

* explanations as in Table 2.

The content of TOC in both OF and CF soils, was found to significantly positively correlate
with TN, DOC and DON (Table 4). Significant correlation was designated, in both farming systems,
for EEGRSP and TOC—positive relationship, and between EEGRSP and clay content—negative
relationship (Table 4). The obtained results also indicate significant positive correlation between
content of soil carbon (TOC, DOC) and DEH and AcP activity in OF as well as CF (Table 4).

Table 4. Significant correlation coefficients at p < 0.05.

Organic Farming (N = 24)
Clay TOC TN DOC DEH AlP AcP EEGRSP

Parameters *

pH ~0.55
TN 0.99 0.53 0.64 0.80
DOC 0.95 0.44 0.62 0.75
DON 069 069 078 0.60
DEH 058 054
AcP 0.65 0.65
EEGRSP  -0.60 0.8

Conventional Farming (N = 24)

Clay TOC N DOC DEH AlP AcP EEGRSP

Parameters *

N 0.97 0.58 0.76 0.79 0.58
DOC 0.84 0.42 0.73 0.79 0.69
DON 0.80 0.87 0.82 0.48 0.57 0.63
DEH 0.54

AlP 0.81

AcP 0.81 0.51 0.73

EEGRSP -047  0.65 0.81 0.59

* explanations as in Table 2.
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3.2. The Activity of Enzymes in Soil

The DEH activity of OF soil ranged from 0.25 to 0.66 mg TPF kg~! 24 h~! (mean 0.42 mg TPF
kg_1 24 h~1), CAT from 0.03 to 0.11 mg H,O, g‘l min~! (mean 0.07 mg Hy,O, g_1 min~1), AIP from
0.42 to 1.48 mM pNP kg~! h™! (mean 0.78 mM pNP kg~! h~!) and AcP from 0.79 to 3.22 mM pNP
kg™! h™! (mean 1.69 mM pNP kg~! h™!) (Tables 2 and 3). Statistical analysis revealed that the activity
of DEH, CAT and AIP was significantly higher in soil from OF than from CF—35%, 29% and 45%
higher, respectively. The activity of AcP was higher, though not statistically significantly (p = 0.094)
(Table 2). The CV values for the tested enzymes ranged from 22.6 to 37.2% for CF soils and from 28.6
to 36.6% for OF soils, indicating moderate variability. However, distribution analysis showed that
most results are below average, as indicated by the median being less than the mean. Correlation
analysis showed significant positive relationships between the activities of: AIP and AcP (r = 0.73,
p < 0.05) and AcP and DEH (r = 0.51, p < 0.05) in CF soil; and AcP and DEH (r = 0.65) in OF soil. The
activity of DEH was also determined to have significant positive correlations with contents of: TOC
(r=0.54,p <0.05), DOC (r =0.42, p < 0.05), TN (r = 0.58, p < 0.05) and DON (r = 0.48, p < 0.05). The soil
glomalin content correlated significantly with the activity of AIP (r = 0.81, p < 0.05) and AcP (r = 0.59,
p < 0.05). Significant positive correlations were determined between the activity of soil phosphatases
and the content of TOC, DOC, TN and DON in the CF soils. In the OF soils, there was a significant
positive correlation between DEH activity and clay fraction (r = 0.58, p < 0.05) and a significant negative
correlation between pH and AcP (r = —0.55, p < 0.05) (Table 4).

The enzyme activity results were used to calculate values for multiparametric biochemical indices
of the state of the soil environment (AIP/AcP, BIF, BA12, BA13 and GMea) (Figure 1), which in turn
were used to assess the influence of the cultivation system. The value of the AIP/AcP enzymatic index
of soil pH [42] was 0.60 in the OF soils, and 0.46 for CF (Figure 1). The value of the biological index
of soil fertility (BIF), calculated based on DEH and CAT activity [43] was 35% higher in the OF soil
compared to CF soil. The indices BA12, BA13 and GMea were also higher in the OF soil (1.8, 1.86 and
0.526 respectively) than in the CF soil (1.73, 1.17 and 0.369 respectively).

2.50
2.00 b2 a
_LI'_—I— ER
1.50
b
=
1.00
b 2 a
0.50 b—a b T
0.00 T T T T "
AIP/AcP BIF BA12 BA13 GMea
Oconvencional farming  Decological farming

Figure 1. Values of enzymatic indices: pH value (AIP/AcP), soil fertility (BIF), soil activity (B12 and
B13) and geometric mean of enzyme activities (GMea), standard deviation bar is presented in each
column. (Different small letters indicate significant difference between two farming systems).

4. Discussion

The arable soils of the two farms were located in close proximity to one another and so had
similar physical properties. The particle size composition of the two soils was so similar as to represent
no effective qualitative difference, as indicated by the lack of significant differences between the
content of individual granulometric fractions. Managing soil organic matter in organic crop rotation
involved introducing crop residue from crops with different nutrient needs, using cover plants and
adding organic soil additives. Legume crops were used in plant rotations to meet the needs of
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nitrogen-demanding crops. Finally, cattle manure could supplement nutrients at specific times during
a rotation. The comparison of the described data may only refer to the considered agricultural system,
i.e., conventional and organic farming, as there is no evidence of a clear influence on the tillage system
on soil properties and enzymatic activity, due to different organic and mineral fertilization and different
crop rotation applied on both farms.

The sixteen years of soil use in accordance with ecological (biodynamic) principles significantly
increased the average TOC and NT contents in their surface horizon as compared to the soil of the CE.
Significantly lower means of DOC and DON were noted in the soil samples from the CF. As reported
by Leinweber et al. [50], the plough is a factor that can stimulate the microbiological composition of
post-harvest residue, thus increasing the DOC content. A high rate of SOM mineralisation due to
intensive treatments can intensify release of DOC [51]. Sosulski et al. [52] found that the content of
DOC in the surface horizon depends on the type of fertilisation, especially the application of manure.
Labile carbon compounds, in contrast to the total SOC pool, are more measurably affected by tillage and
residue management. Halpern et al. [53] stated that the labile carbon fractions are physically protected
in aggregates under a no-tillage system and suggested that the measurements of labile fractions may
be the best indicators of management-induced changes in the total SOC content. Moreno et al. [54]
found that long-term conservation tillage increased TOC content and the quality and stability of SOM.
The labile fractions of organic carbon are more sensitive to changes in soil management practices [55].
Both tillage treatments and the application of cattle manure as well as the addition of legumes in crop
rotation have increased SOC, enzymatic activity and improved soil fertility on the OF. The addition of
cattle manure to soils on the OF increased the activity of a variety of soil enzymes. Applying solid
manure to soils has beneficial effects on nutrient cycling and soil microbial activity [56]. Schoenau and
Davis [57] indicate that manure should be regarded as a beneficial soil conditioner and applying solid
cattle manure improves soil pH towards neutral in acidic [58].

The obtained results indicate the positive influence that OF with reduced tillage and manure
application has on the content of EEGRSP, which was significantly higher in comparison to CF.
Other authors [34,59] have also observed a similar dependence that confirms the adverse effect of
intensive soil-mixing treatments on the AMF community and GRSP concentration in soil. Another
factor that influenced EEGRSP content was fertilisation. Gosh et al. [36] observed that the application
of manure in addition to mineral fertilisation is associated with an increase in the content of glomalin.
The increased EEGRSP content in soil was related to a similar phenomenon concerning soil carbon
and nitrogen. A significant positive correlation was designated between TOC, DOC, TN and EEGRSP
(Table 4). The same relationship is confirmed by results presented by Borie et al. [33], Wojewoddzki
and Ciesciniska [60] and Kobierski et al. [24]. Correlation analysis also revealed a significant positive
relationship between EEGRSP and soil phosphatases (AIP, AcP) in the system of CF and a negative
one between EEGRSP and clay content (Table 4) in CF as well as in OF. This result is consistent with
examination of soils under trees in urban parks (AIP-EEGRSP: r = 0.846, AcP-EEGRSP: r = 0.734,
EEGRSP-clay: r = —0.815) [23] and soils from stands of common dandelion (clay-EEGRSP r = —0.54) [20].

The research confirmed the positive effect that using a simplified tillage treatments for sixteen
years on the OF had on the enzymatic activity of the soil and on the indices calculated based on
them, as compared to the cultivation system used on the CF. The higher enzymatic activity of OF
soils can be attributed to the higher availability of nutrients from natural and organic fertilisers [61].
Manure and harvest residues are a source of organic carbon, which stimulates the development of
soil microflora and the secretion of extracellular enzymes [62]. These are responsible for converting
nutrients into forms available to plants. This is confirmed by previous studies on enzyme activity
conducted by Furtak and Gajda [63] and Sheoran et al. [64]. The CV analysis for the two soil-use
systems ranked the enzymes as follows: for CF soils: AIP > AcP > CAT > DEH; and for OF soils:
AIP > CAT > AcP > DEH, showing that alkaline phosphatase was the most sensitive to the cultivation
treatments used. Research by Galazka et al. [65], Qiau et al. [66], and Lemanowicz et al. [23] showed
soil enzymes to have a significant effect on the production of glomalins, and thus on the transformation
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of nutrients. Soil enzymes are involved in all biochemical processes in the soil environment. They are
closely involved in the decomposition of organic matter, energy transfer, and the circulation of
nutrients [67]. Dehydrogenases act via the biological oxidation of organic matter in the soil, which
is why they are considered indicators of overall soil microbial activity [68]. Phosphatases play an
important role in the biochemical mineralisation of organic phosphorus, and so can be a good indicator
of phosphorus circulation in soil [22,69]. Statistical analysis showed that the basic soil properties (pH,
TOC, DOC, TN, DON) determined the activity of enzymes in OF and CF soils alike. According to Tian
et al. [70] extracellular hydrolytic and oxidative enzymes are responsible for converting organic matter
from high-molecular-weight compounds to the low-molecular-weight compounds present in DOC.
The positive correlations between the activity of soil enzymes that were obtained indicate that the
activity of one enzyme in the soil may reflect the activity of another [70].

The practical need to use indices to determine soil quality has been emphasised in previous
studies [71,72]. They make it possible to assess the effects of soil use and human impact. According
to Dick et al. [42] and Piotrowska-Dlugosz et al. [73], when the value of the enzymatic soil pH
indicator (AIP/AcP) is above 0.5, soil pH should be taken as alkaline or neutral. For an AIP/AcP
ratio of approximately 0.5, soil pH can be considered optimal for plant growth and development.
Soil phosphatases are enzymes sensitive to changes in soil pH [42], and the optimal pH for acid
phosphatase activity is around pH 6.0. As the pH rises, this enzyme’s activity falls [68]. Garcia-Ruiz
et al. [74] consider the geometric mean of enzyme activities (GMea) to be another index depicting
changes in soil fertility. According to Wyszkowska et al. [44], in combination with TOC and clay
fraction, enzymatic activity reflects the fertility and intensity of soil processes. Notably higher values
of the presented indices were observed in OF soil, where reduced tillage was used, manure or
compost was applied, and biodynamic preparations stimulating enzymatic activity were utilised.
This warrants the conclusion that soil enzymatic activity reflects qualitative and quantitative changes
in soil that depend on the system of soil farming. Limiting cultivation procedures, including refraining
from deep ploughing, significantly increased the SOM content in OF soil. Saviozzi et al. [75] and
Lemanowicz et al. [76] conclude that the activity of enzymes is mainly determined by organic matter
content, whose composition and transformation both depend on the tillage system.

5. Conclusions

It is difficult to clearly define whether the current properties of soils in OF have been significantly
influenced by tillage methods or whether all agricultural practices. Therefore the entire farming system
used in OF and CF was compared. Sixteen years of soil cultivation in accordance with ecological
(biodynamic) principles significantly improved the soil reaction and average TOC, NT, DOC, DON and
EEGRSP contents in the surface horizon, as compared to a conventional cultivation system. The study
concluded that the soils under an organic farming system were found to be superior in terms of the
activity of enzymes than those under a conventional farming system. The input of readily available
organic material in OF resulted in an increase in soil enzymatic activity. The amount of EEGRSP, DEH
and AcP activity were significantly positively correlated with DOC in both analysed farming systems.
To sum up, the use of the reduced tillage method, legumes in crop rotation and the application of
manure improved the soil quality for OF management, as compared with the conventional tillage
method, cereals domination in crop rotation and the lack of manure in soil fertilization on the CF.
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