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Abstract: Soil microbes play a key role in the nutrient cycling by decomposing the organic material
into plant-available elements and also by maintaining the soil health. The study of soil microbial
hydrolytic activity (SMA) was carried out in a long-term crop rotation (barley undersown (us) with
red clover, red clover, winter wheat, pea and potato) experiment in five different farming systems
during 2014–2018. There were two conventional systems, with chemical plant protection and mineral
fertilizers, and three organic systems, which included winter cover crops and composted manure.
The aim of the present study was to evaluate the effect of the (i) cropping system and (ii) precrops in
rotation on the soil SMA. The soil microbial hydrolytic activity was significantly affected by yearly
weather conditions, farming system, and crops. In all farming systems, the SMA was the lowest
after dry and cold conditions during early spring in 2018. In unfertilized conventional systems, the
considerably lower SMA is explained by the side effects of pesticides and low organic residuals,
and we can conclude that the conventional system with no added fertilizer or organic matter is not
sustainable, considering soil health. In each year, the SMA of organic systems with cover crops and
composted manure was 7.3–14.0% higher compared to all farming systems. On average, for both
farming systems, the SMA of all the rotation crops was positively correlated with the SMA values of
precrops. However, in conventional farming systems, the effect of undersowing on the SMA of the
precrop was smaller compared to organic systems.

Keywords: conventional system; organic system; cover crops; manure; soil microbial activity

1. Introduction

Biotic (microbial biomass, enzymatic activities, etc.) and abiotic parameters (pH, Corg,
Ntot, etc.) are used for the evaluation of soil health and quality. Generally, more attention is
paid to the physical and chemical soil parameters, leaving the biological factors (microbial
and enzymatic activities) unattended. However, biological properties are more sensitive
to the changes occurring in the soil as compared to the physical and chemical parameters.
Therefore, the changes in the soil microbial populations and their activities could be suitable
indicators for evaluation of soil health.

Soil microorganisms make up less than 1% of total soil mass, but they play an im-
portant functional role in supporting the soil ecosystem [1]. Soil microorganisms are a
significant part of soil fertility because they facilitate the decomposition of organic mat-
ter and formation of humus [2,3]. Microbes play a key role in soil nutrient cycling by
decomposing the organic material and transforming it into plant-available inorganic com-
pounds [4–6] and also by maintaining the soil health [7,8]. From the plant health perspective,
the importance of the interaction of plant roots and local microbial communities cannot
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be overstated. This has a positive impact on crops through growth-promoting and/or
pathogen-suppressing effects; vice versa, field crops have an effect on soil microbiota in
the rhizosphere, i.e., through attracting microbes and stimulating root growth [9]. Soil
microorganisms also regulate the amount of carbon fixed in the soil and released back to
the atmosphere, thereby indirectly regulating the productivity of organic carbon stored in
the soil [10,11]. Weather conditions, soil moisture, pH, soil management, plant protection
measures, fertilization, and other factors have a significant impact on the population and
composition of species of microbes [12–16]. In organic production where only organic
fertilizers are used, the amount and quality of fertilizers affect the soil physico-chemical
properties as well as the microbial biomass and its activity in the soil [17–19]. Compared to
the soil physical and chemical parameters, the activity of microbes is much more susceptible
to various changes [20,21].

The objective of the present study is to evaluate the effect of the (i) cropping system
and (ii) precrops in rotation on the soil microbial hydrolytic activity (SMA) during a 5-year
period in an ongoing long-term five-field crop rotation experiment with different farming
systems.

We hypothesized that (i) the cropping system has a significant impact on the SMA and
(ii) the soil SMA depends on the precrop in the crop rotation.

2. Materials and Methods
2.1. Site Description

In 2008, a five-field crop rotation experiment was set up at the Rõhu Experimental
station (Estonian University of Life Sciences, Tartu, Estonia) in Eerika (58◦21′ N, 26◦39′ E).
Data for this study were collected during 2014–2018. The soil was described as Stagnic
Luvisol in the World Reference Base for soil resources [22] classification, with 56.5% sand,
34% silt, and 9.5% clay, and a 27 to 29 cm depth of the ploughing layer [23]. The mean char-
acteristics of the humus horizon were Corg 1.1–1.2%, Ntot 0.10–0.12%, P 110–120 mg kg−1, K
253–260 mg kg−1, pHKCl 5.9–6.1, and soil bulk density 1.45–1.50 g cm−3. Estonia lies in the
northern part of the temperate climate zone and in the transition zone between maritime
and continental climates. Local climatic differences are due, above all, to the neighboring
Baltic Sea, which warms up the coastal zone in winter and has a cooling effect, especially in
spring [24].

2.2. Experimental Design

Experiments were set up as systematic block design with four replications. The size
of the plot was 60 m2. In the present research, the data were gathered from 5-field crop
rotation during 2014–2018. Once a year in mid-April, before starting the field operations,
soil samples were taken from a depth of 0–25 cm. Eight samples were taken from each plot
to obtain the average for the plot. Crops in the rotation were as follows: barley cultivar
‘Anni’, which was undersown by red clover; red clover tetraploidy cultivar ‘Varte’; winter
wheat cultivar ‘Fredis’; pea cultivar ‘Starter’; and potato cultivar ‘Maret’. Cereal straw and
red clover biomass were ploughed into the soil.

2.3. Fertilizer and Crop Management

The experiment had three organic (ORG) and two conventional (CON) systems.
(Table 1). In the CON 0 treatment in the conventional farming system, no fertilizers were
used; only chemical plant protection products were applied. In the CON 1 treatment plots
of undersown barley, potato, and winter wheat phosphorus, (P) 25 kg ha−1 and potassium
(K) 95 kg ha−1 were applied. In addition, nitrogen fertilizer was applied: 120 kg N ha–1 for
undersown barley, 150 kg N ha−1 for potato and winter wheat, and 20 kg N ha−1 for pea.
The red clover plots were not fertilized in conventional farming systems. After the harvest
of potato, pea, and winter wheat, glyphosate containing herbicide (3.0 L ha−1) was applied
for weed management.
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Table 1. The treatments in the organic and conventional farming systems Matsen et al. [25].

Crop Rotation Organic Systems Conventional Systems

ORG 0—control
(Crop rotation)

ORG CC
(Crop rotation +
green manure as

winter cover crops)

ORG CC + M
(Crop rotation +
green manure +

composted cattle
manure)

CON 0—control
(Crop rotation +

herbicides +
fungicides +
insecticides)

CON 1
(Crop rotation +

herbicides +
fungicides +
insecticides +

mineral fertilizers)

Winter wheat Winter oilseed
turnip + winter rye 10 t ha−1

25 kg ha−1 P * and
95 kg ha−1 K **;

150 kg ha−1 N ***

Pea Winter oilseed
turnip

25 kg ha−1 P and
95 kg ha−1 K;
20 kg ha−1 N

Potato Winter rye 20 t ha−1
25 kg ha−1 P and

95 kg ha−1 K;
150 kg ha−1 N

Barley
undersownwith

red clover
10 t ha−1

25 kg ha−1 P and
95 kg ha−1 K;

120 kg ha−1 N

Red clover Red clover

Note. *—phosphorus; **—potassum, ***—nitrogen.

During the growing season, weed management MCPA-750 (active ingredient MCPA-
750 g ha−1) with the rate of 1.0 L ha−1 for barley undersown with red clover and 0.7 L ha−1

for pea was used. In winter wheat, Secator OD (150 mL ha–1; active ingredients amidosulfuron
15 g ha−1, methyl-iodosulfuron sodium 3.75 g ha−1, and mefenpyr-diethyl 37.5 g ha−1), and
for potato, Titus 25 DF (50 g ha−1; active ingredient rimsulfuron 12.5 g ha−1) was applied,
and potato fungicide Ridomil Gold MZ 68 WG (2.5 kg ha−1; metalaxyl-M 100 g ha−1 and
mancozeb 1600 g ha−1) was used for late blight control. Depending on the rate of infestation,
spraying was performed 2–4 times during the summer. In the conventional farming systems,
potato insecticide Fastac 50 (0.3 L ha−1; alpha-cypermethrin 100 g L−1) and Decis Mega 50EW
(0.15 L ha−1; active ingredient deltamethrin 7.5 g ha−1) were used against Colorado beetle.

There were 3 treatments in the organic farming system: ORG 0—without winter cover
crops; ORG CC—winter cover crops were used (the mixture of turnip rape and winter
rye after the main crop of winter wheat, winter turnip rape after the main crop of pea,
and winter rye after the main crop of potato); ORG CC+M—in addition to cover crops
mentioned previously, composted cattle manure (10 t ha–1 for cereals and 20 t ha−1 for
potato) was ploughed into the soil in spring (Table 1). Winter cover crops were sown
immediately after the harvesting of the main crop in August.

2.4. Chemical Analysis

The spectrophotometric determination of soil microbial hydrolytic activity is a simple
and fast method for evaluation of the microbial activity in the soil [26]. According to ISO
10381-6:1993 [27] for determination of soil microbial hydrolytic activity, the samples (each
about 500 g fresh weight) were placed in polyethylene bags (not closed) and stored at 4 ◦C
until analysis. Each sample was mixed individually, and larger parts of plant material and
stones were picked out by hand. About 200 g (fresh weight) was taken for a sub-sample
and sieved through a Ø 2 mm sieve. For the determination of the dry matter content,
5 g of homogenized soil sample was weighed in pre-weighed 50 mL beakers and dried
to a constant weight (minimum 3 h) at 105 ◦C. After cooling to room temperature in a
desiccator, the samples were weighed again. The preparation of reagents following soil
microbial hydrolytic activity analysis was performed according to the method described
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by Adam and Duncan [28]. We used acetone instead chloroform/methanol as the reaction
termination reagent and optimized the incubation regime.

2.5. Meteorological Data

The experimental field is 59 m above sea level and belongs to the South-Estonian
upland agro-climatic region, where the average annual sum of active air temperatures
(sum >5 ◦C) is 1750–1800 ◦C, the mean annual temperature is +5.5 ◦C, and the amount of
precipitation 550–650 mm. The weather during the experimental period was monitored
with a Metos Model MCR300 electronic weather station (Pessl Instruments, GmbH, Weiz,
Austria), which automatically calculates the average daily temperatures and the sum of
precipitation. The measurements were made from the Eerika weather station at the Institute
of Agricultural and Environmental Sciences of the Estonian University of Life Sciences.
Compared to the long-term (1964–2018) average temperature, the mean temperatures
during the experiment were higher by 0.8–1.7 ◦C (Table 2). A clear trend of climate
warming is observable from this comparison [24]. Winter periods are milder compared to
the long-term average, especially in February, which in 2014–2016 was 5.5–6 ◦C warmer.
On the other hand, February and March 2018 were much colder than the previous study
period and the long-term average; this might affect SMA results compared to other samples,
because samples are taken in mid-April, and microbiological activities might be postponed
because of cold soil. Precipitation fluctuated significantly, but the averages of the years
are comparable. The year 2017 had the highest precipitation (55.8 mm above long-term
average), which was caused by a very wet autumn period; 2015 was the driest year during
the study period (Table 3).

Table 2. Mean temperature (◦C) in 2014–2018 compared to the long-term average (1964–2018) data *.

Month
Mean Temperature (◦C)

2014 2015 2016 2017 2018 1964–2018

January −7.9 −1.8 −9.4 −3.5 −2.4 −5.7
February −0.2 −0.9 0.3 −2.9 −8.3 −5.7

March 2.2 2.7 −0.1 1.4 −3.5 −1.5
April 6.5 5.4 6.1 3.4 7.2 4.8
May 11.9 10.3 14.0 10.3 x 11.4
June 13.4 14.2 15.9 14.0 x 15.4
July 19.3 15.7 17.8 15.9 x 17.4

August 16.8 17.0 16.1 16.8 x 16.1
September 12.1 12.6 12.3 12.2 x 11.1

October 5.3 4.6 4.1 5.4 x 5.7
November 1.4 3.6 −1.0 2.4 x 0.5
December −1.5 2.5 −0.4 0.2 x −3.1

Average 6.6 7.2 6.3 6.3 −7.0 1 5.5

Note. *—data from Eerika weather station, Estonia. x—out of the test period. 1 Average of January–April.

2.6. Statistical Analysis

The statistical analysis of the collected data was performed with the software Statistica
13 (Quest Software Inc, Aliso Viejo, CA, USA). Full-factorial analysis of variance (ANOVA)
was used to test the statistical significance of year, farming system, and crop and their
interaction effects on the soil microbial hydrolytical activity, average air temperatures, and
sum of precipitation. The Fisher (LSD) test [29] was applied for pairwise comparisons
of the factors. Correlation analysis was used for linear correlation coefficients between
variables, and the significance of coefficients was taken as p < 0.001, p < 0.01, p < 0.05, or ns
(not significant).
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Table 3. Sum of precipitation (mm) in 2014–2018 compared to the long-term average (1964–2018) data *.

Month
Sum of Precipitation (mm)

2014 2015 2016 2017 2018 1964–2018

January 25.0 29.6 34.0 27.4 20.4 28.6
February 12.4 8.4 55.8 22.4 11.7 22.6

March 9.0 12.0 23.3 17.0 12.9 22.5
April 13.4 69.0 51.6 51.5 28.1 31.2
May 83.8 62.0 1.6 15.5 x 52.9
June 103.4 39.4 124.6 94.3 x 70.9
July 71.4 61.4 81.6 60.7 x 69.2

August 113.0 41.2 42.0 106.2 x 81.1
September 22.2 59.0 15.4 83.4 x 59.3

October 35.8 10.8 33.2 75.3 x 56.3
November 10.4 53.8 45.5 26.1 x 44.7
December 41.6 46.3 30.6 51.8 x 36.6

Average 541.4 492.9 539.2 631.5 73.1 1 575.7

Note. *—data from Eerika weather station, Estonia. x—out of the test period. 1 Sum of January–April.

3. Results and Discussion

The soil microbial hydrolytic activity was significantly affected by yearly weather
conditions, farming system, crop, and the combined effect of farming system and crop
grown (Table 4). The combined effect of year and farming system as well as year and crop
were less significant, and there was no combined effect of all three factors (year, farming
system, and crop).

Table 4. Analysis of variance for soil microbial hydrolytic activity (µg fluorescein g−1 soil dry
weight h−1) depending on year, farming system, crop, and their interaction.

Source of Variation df SS MS F p

Year (Y) 4 916 229 10.25 p < 0.001
Farming system (FS) 4 8669 2167 97.06 p < 0.001

Crop (C) 4 1607 402 17.99 p < 0.001
Y × FS 16 743 46 2.08 p = 0.09
Y × C 16 874 55 2.45 p = 0.02
FS × C 16 1049 66 2.94 p < 0.001

Y × FS × C 64 1272 20 0.89 p = 0.710
Notes: df—degrees of freedom; SS—sums of squares; MS—mean squares; F—treatment mean square/error mean
square; p—significance probability value.

3.1. Changes in Soil Microbial Hydrolytic Activity during the Study Period

In unfertilized systems, the soil SMA of ORG 0 was higher by 12.8% than in CON 0
(Table 5). This shows a low organic content in CON 0, where organic matter yields are
lower than in fertilized systems [30], and the negative effects of chemical pesticides on the
soil microorganisms. To avoid the negative effects on soil health, Esmaeilzadeh-Salestani
et al. [31] found that conventional cropping with a small to average amount of mineral
fertilizer seems to eliminate the negative effect of pesticides; in addition, long and diverse
crop rotations are important for microbial functional stabilization.

The soil SMA of ORG CC + M (manure as fertilizer) was higher by 12.7% than in CON
1 (mineral fertilizers). The soil SMA of ORG CC was higher by 2.1–7.1% than the average
SMA values. The SMA value of ORG CC+M (with composted manure) was higher by
7.3–14.0% than the average SMA of all cultivation systems. Earlier studies have shown that
the microbial biomass is higher in soils with high nutrient (high concentration of N, P, and
K) and carbon content as well as suitable pH range for crops [32]. Cover crops and manure
have a positive effect on the soil microbial activity and their abundance [33,34].
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Table 5. The hydrolytic activity of soil microorganisms (µg fluorescein g−1 soil dry weight h−1)
during 2014–2018.

Farming
System 2014 2015 2016 2017 2018 F Stat and p Value

CON 0 48.1 A1ab2 46.7 Aab 49.8 Ab 47.4 Aab 45.5 Aa F4, 95 = 1.44; p = 0.23
CON 1 52.6 Bab 54.9 Bb 53.1 ABab 51.0 Ba 49.8 Ba F4, 95 =2.75; p = 0.032
ORG 0 53.9 Bb 54.2 Bb 56.1 BCbc 57.6 Cc 50.8 Ba F4, 95 = 7.57; p < 0.001

ORG CC 55.3 Ba 58.6 Cb 57.2 Cab 57.9 Cab 55.4 Cab F4, 95 = 1.59; p = 0.18
ORG CC+M 58.4 Ca 59.3 Ca 63.9 Db 58.5 Ca 58.2 Ca F4, 95 = 3.70; p = 0.008

F stat and
p value

F4, 95 = 12.77;
p < 0.001

F4, 95 = 20.638;
p < 0.001

F4, 95 = 13.398;
p < 0.001

F4, 95 = 19.266;
p < 0.001

F4, 95 = 20.70;
p < 0.001

1 Means followed by different capital letters within each column indicate significant influence of farming system
(Fisher LSD test, p < 0.05). 2 Means followed by different lower-case letters within each row indicate significant
influence of year (Fisher LSD test, p < 0.05). CON 0—control (Crop rotation + herbicides + fungicides + insecticides);
CON 1 (Crop rotation + herbicides + fungicides + insecticides + mineral fertilizers); ORG 0—control (Crop rotation);
ORG CC (Crop rotation + green manure as winter cover crop); ORG CC + M (Crop rotation + green manure +
composted cattle manure).

The soil moisture content is dependent on the amount of precipitation and temperature.
The effect of precipitation, soil temperature, and moisture may apply directly to the activity
of microbes or indirectly through factors like the amount of plant residues in the soil. The
lowest soil SMA values were measured in 2018, when the soil samples were collected after
a long dry and cold period (Table 3). It seems that organically managed soils are more
resilient to drought and cold. Soils with higher organic matter and cover crops do not
freeze to as great a depth in cold periods, and at the beginning of the season, they warm up
faster and thus microbiological activities start sooner. This is related to the higher C content
of organically managed soils [31,35], which also improves the water-holding capacity of
these soils.

3.2. The Effect of Precrops on the SMA

The abundance, composition, and soil microbial hydrolytic activity are influenced
by soil biochemical conditions during the growing season as well as by the precrops in
rotation. Therefore, it is important to know the extent the SMA of crops is affected by the
content of organic matter left in the soil or the organic matter that decomposes in the soil
during the growing season.

Our study results indicated that the SMA of all the crops in the rotation of both farming
systems was positively correlated with the SMA values of the precrops (Figure 1a–f).

The relationships between the SMA values of barley undersown with clover and soil
of precrop potato were almost identical in their linearly ascending characteristics (Figure 1a)
and were clearly present in both farming systems. The SMA of barley undersown with
red clover depended on the precrop in the conventional as well as in the organic farming
systems, with respective correlations of r = 0.51; p = 0.13 and r = 0.63; p = 0.01 (Figure 1a). The
higher correlative relationship in the ORG system is probably due to the fact that after the
harvest of the potato precrop—pea—winter rye and winter turnip rape were sown as winter
cover crops, which after being ploughed into the soil, resulted in higher organic matter
content in the plots of ORG CC and ORG CC+M and hence the higher SMA values. The
addition of organic matter to the soil stimulates the growth of bacteria and actinomycetes
but hinders the development of fungi [36]. By comparing the SMA values of red clover and
previous barley (undersown with red clover) plots, a significant effect of the precrop barley
on the SMA of red clover was seen (Figure 1b). The SMA value was probably influenced by
the amount of organic matter taken into the soil by the red clover biomass. Some previous
studies have also shown that the clover species undersown during the previous year, which
develop into full-grown crops the next growing season, have a positive impact on the soil
physical and chemical parameters [37,38]. Carter and Kunelius [39] found that the barley
undersown with clover increased the root biomass by 6–11 times compared to only barley
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crop and also improved the structural soil characteristics. According to Skudiene and
Tomchuk [40], the biomass of roots increased by up to 6.5 times and above-ground biomass
by 4 times during the following season clover crop.

Figure 1. The regression analysis of the soil hydrolytic activity (µg fluorescein g−1 soil dry
weight h−1) of main crop and precrop in conventional and organic farming systems. (a) Barley
undersown with red clover (precrop was potato); (b) red clover (precrop was barley undersown with
red clover); (c) winter wheat (precrop was red clover); (d) pea (precrop was winter wheat); (e) potato
(precrop was pea).
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Our results indicated that in conventional farming systems, the effect of undersowing
on the SMA of precrops was smaller (r = 0.41; p = 0.23) compared to organic systems
(r = 0.64; p = 0.01). Thus, we should take into consideration that in organic farming systems,
after the harvest of potato and before the barley (us), winter rye was sown as a cover crop. It
was ploughed into the soil as green manure in the spring, and in the ORG CC+M treatment,
manure was also applied. The higher content of organic matter received from cover crops
and manure also increased the activity of microbes on the red clover plots, which resulted
in stronger correlation between the SMA value of red clover and the precrop in organic
systems.

After the ploughing of the clover biomass as green manure, the SMA value of the
following winter wheat crop depended on the activity of decomposing soil organisms
during the vegetation period. In conventional farming systems, the relationship between
the SMA value of winter wheat and the precrop was insignificant (r = 0.07; p = 0.04). In
organic systems, the same correlation was also weak (r = 0.40; p = 0.14). It can be concluded
that the SMA value of winter wheat plots was formed mainly due to the decomposition
of organic matter during the vegetation period (Figure 1c). In winter wheat plots, the
correlation of SMA values with the precrop SMA of organic and conventional farming
systems was in a narrow range of 48.8–59.8. This was due to the positive effect of red clover
on the soil microorganisms in the CON systems, which resulted in higher SMA values,
similar to ORG system. In addition to the activity of organotrophic microorganisms, the
atmospheric nitrogen-fixing bacteria (Rhizobium trifolii and Rhizobium leguminosarum) in red
clover and pea plants have an indirect effect on the SMA values [41].

The correlation between the SMA value of the pea plot and its precrop winter wheat
was stronger in conventional farming systems compared to organic treatments (Figure 1d).
In conventional farming systems, r = 0.67; p = 0.03, and in the ORG systems, r = 0.47;
p = 0.07. This was because in the CON system plots, the SMA values depended mainly on
the wheat straw ploughed into the soil; however, in the ORG treatment areas, in addition
to the straw, the decomposition of organic matter from cover crops also took place, which
decreased the effect of the precrop on the SMA. The residues of straw are some of the most
essential organic matter deposits in the soil. Tisdale et al. [42] found that the returning
of the straw residues significantly affects the functional diversity of soil microbes and
enhances the activity of hydrolytical enzymes. Turk and Mihelič [43] stated that 44% of the
wheat straw returned to the soil decomposed in 2 months, but full decomposition takes
about 4 months.

The correlations between the SMA values of potato plots and the precrop pea were
similarly strong in conventional as well as in organic farming systems: r = 0.77; CON
p = 0.009 and ORG p < 0.001 (Figure 1e). Compared to other crops, these correlations were
the strongest, which illustrates the importance of pea as a precrop for potato, based on the
SMA values. Additionally, the results of Qin et al. [44] indicate that the implementation
of potato–legume crop rotation may improve the biological environment of the soil. The
content of anaerobic nitrogen-fixing bacteria increased significantly in potato monoculture
after consecutive years, but after rotation with legumes, the abundance of aerobic azotobac-
teria exceeded the anaerobic competitors. At the same time, the occurrence of pathogenic
fungi did not increase compared to the bacteria.

4. Conclusions

Conducted field trials proved the hypothesis that cropping systems have a significant
impact. Field trials showed that organic farming systems improve soil microbial activity
compared to conventional systems. Organic systems with cover crops and manure signifi-
cantly promote soil microbes; in all 5 years, this treatment had statistically higher activity
than conventional systems. The SMA of ORG CC + M soil was 7.3–14.0% higher in all years
compared to the average of the farming systems. The ORG 0 system was higher by 12.8%
than CON 0; the reason for this is the limited organic matter in the CON 0 system and also
the inhibiting impact of pesticides used in the CON 0 systems. Other conventional systems
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received additional fertilizers, which improved plant growth, and the residuals from root
and shoot systems fed soil microorganisms. Adding cover crops and manure into farming
systems increase the residuals and organic matter, which are used by microorganisms.
From this, we can conclude that conventional systems using pesticides but no fertilizer are
not sustainable. From the perspective of soil health, the best method is using cover crops
and organic fertilizer. Cover crops also avoid nutrient leaching, and decomposing organic
matter improves the aeration of soil, which is essential for healthy soil.

The second hypothesis, that precrops have an influence on the soil SMA, was also
proven. The correlations between the SMA values of potato plots and the precrop pea were
similarly strong in conventional as well as in organic farming systems, r = 0.77. Compared
to other crops, these correlations were the strongest, which illustrates the importance of pea
as a precrop for potato, based on the SMA values. It is also important to note that potato
is an intensively cultivated crop, and this helps microorganisms to decompose organic
matter. Intensive cultivation in potato growing needs cover crops, additional manure, or
a well-balanced crop rotation to avoid extensive mineralization. Pea and other legume
crops are suitable for sustainable crop management. Potato as a monoculture and intensive
farming without cover crops should be avoided.
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