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Abstract: Reduced and soil-protective tillage technologies may represent certain negatives for culti-
vated crops associated with the biomass of mulch from intermediate crops and post-harvest residues.
Sown crops, as well as field weeds, are exposed to impaired soil conditions. Soil conditions were
assessed using biological tests. Eight plant species were chosen for the tests. Germination of tested
plant species took place in controlled conditions in climaboxes. Seeds on Petri dishes were watered
with soil leachates from three variants of tillage (Conventional, Minimum tillage, Direct sowing). Soil
samples were collected from a 15-year field experiment. The soil leachates inhibited the germination
rate of the chosen plant species. In the first term, all species exhibited a lower germination capacity in
variants watered with the soil leachate. The reduced tillage technologies can apparently significantly
slow down the germination rate in field crops and vegetables. Simple biological tests have the
potential to assess the condition of arable soils.

Keywords: soil condition; biological tests; tillage

1. Introduction

Plants growing together on a site can support one another in their growth, but they
can also compete or affect one another through allelopathy. The action of allelopathic
substances may show even in the subsequently grown crops [1]. Allelopathy is defined
as the acting of one plant on another by means of chemical compounds released into the
surroundings [2–4]. Thus, allelopathy plays an important role in agriculture for selecting
preceding crop, method of tillage and stand establishment [5]. Moreover, crop development
is affected by allelopathy from certain weed species [6]. Alsaadawi et al. [7] inform us that
incorporating post-harvest residues of sunflower into the soil and subsequent growing of
beans led to the efficient suppression of weeds, thus allowing a significant reduction of
herbicides. According to TeKrony et al. [8], due attention must be given to the effects of
allelopathy particularly at establishing maize stands. Allelopathy shows in the impaired
germination capacity of maize [9], which results in stand gaps and hence in the reduced
yield [10,11]; this also applies to yields of other crops [12].

Tillage technologies referred to as reduced or soil-protecting leave the post-harvest
residues of crops on the ground surface or are incorporated only to a shallow depth under
the soil surface. Decaying plant residues can influence following crops or the growth of
weeds; this is a certain risk which is considerably higher in these technologies [13,14].
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Tisdall [15] claims that if straw and post-harvest residues are left on the soil surface or are
accumulated in clumps, fungi and fungal organisms develop [16,17]. At the same time, the
decomposition of organic substances changes soil chemical properties, particularly contents
of nitrogen, carbon, and soil pH [15,18–20]. According to Marendiak et al. [21], nitrogen
is mobilized by microorganisms during the decomposition of straw, which negatively
affects the growth of sown crops. Ocio et al. [22], Hao et al. [23], Ning et al. [24] and
Liu et al. [25] found out that straw incorporation into the soil by ploughing leads to the
increased biomass of microorganisms. Marendiak et al. [21] arrived at similar conclusions
and pointed out that the straw incorporation into the soil is beneficial, namely for the
development of cellulolytic microflora. Some authors suggest that negative yield responses
due to mulching with plant residues are due to nitrogen immobilization [26]. According
to Baeumer and Bakermans [27], the use of no-tillage technologies results in the increased
concentrations of phosphorus, potassium, and nitrogen in the upper soil layer. Moreover,
no-till leads to a significant increase in acid phosphatase activity, promotes the formation
of soil aggregates and improves their stability due to the presence of high crop residue and
increased soil organic matter in the topsoil [28].

The reduced and soil-protecting technologies may show certain negatives associated
with the biomass of mulch from intermediate crops and post-harvest residues. The sown
plants are exposed to effects of allelopathy, to changes in the content of soil moisture, in the
content of nutrients, decreased heat flux and development of microorganisms [5,26].

Soil environment is a dynamic complex of living and inanimate nature and processes
occurring among the individual components. This complex is considerably affected by
tillage systems which alter the conditions for the germination of crops, but also weeds,
too. Therefore, the following hypothesis was set up: reduced tillage technologies alter the
soil environment and create unfavourable phytotoxic conditions for the germination of
plant seeds. Partial goals set up to confirm or refute the hypothesis were as follows: (i) to
determine the effect of soil leachate on the germination capacity of the selected plant species,
(ii) to determine the effect of soil leachate on the dynamics of plants species germination
capacity, and (iii) to define seed germination trends in the selected groups of crops under
the effect of soil leachates.

2. Materials and Methods
2.1. Characteristics of Locality and Field Experiment

The long-term field experiment was established in the autumn of 2003 at the field
experimental station in Žabčice (Mendel University in Brno). The locality is situated
between the villages of Žabčice and Židlochovice (South Moravian Region, Czech Republic
(CR); 49.0237689 N, 16.6143786 E). The plot is in a flat terrain at an altitude of 179 m a.s.l. The
long-term mean annual temperature is 9.2 ◦C and the long-term total annual precipitation
amount is 481 mm. The soil type in the locality is Gleyic Fluvisol, which developed on
the adjacent Svratka River alluvial sediments. In terms of structure, it is a clay-loam soil
(heavy to very heavy). The acidity of soils is neutral (pH 6.9) with a medium content of
humus of 2.28%. Nutrients available to the grown crops are at a sufficient level, and the
base-exchange complex is well saturated too.

In the field experiment, three variants of tillage technologies were applied within a
seven-plot crop rotation. The size of individual plots was 100 m × 10 m (1000 m2); the
plots were organized into long blocks. In the technologies of growing the crops, common
industrial fertilizers and pesticides were used, registered for the conditions of conventional
agriculture in the CR. The rotation of crops was organized as follows: alfalfa—1st utility
year, alfalfa—2nd utility year, winter wheat, maize (for silage), winter wheat, sugar beet,
spring barley. Continuous variants of tillage technologies used for the grown crops were
as follows:
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(i) Conventional tillage with ploughing (CT)—after the harvest of the preceding crop,
ploughing to a depth of 0.20–0.24 m followed (medium deep) by the swivelling
reversible Lemken plough. In the spring period, a sowing followed using the Accord
seeding combination.

(ii) Minimum tillage (MT)—the harvest of preceding crop was followed by the shallow
tillage using a chisel-type soil loosener Kverneland to a depth of 0.10 m, after which a
sowing followed in spring using the Accord seeding combination.

(iii) Direct sowing (NT)—the soil surface was not treated after the harvest of the preceding
crop and am Accord seeding combination was used for sowing. Pre-sowing soil
preparation for seeding depth was made only in maize and sugar beet.

2.2. Methodology of Soil Sampling and Preparation of Soil Leachates

Soil samples from three tillage variants in the field experiment, i.e., after 15 years
of the action of technologies, were sampled in 2018 after the harvest of spring barley. In
each variant, 8 sampling points were marked, at which 5 partial samples were collected
from a depth of 0.15 m using the soil probing rod. The collected partial soil samples were
mixed, homogenized, and a mixed sample was created. Mixed soil samples were spread in
a thin layer. The drying was performed for 7 days at room temperature. Then, the samples
were stored.

Prior to starting the laboratory experiment, 20 g of soil was weighed from each mixed
sample from each tillage variant in 8 repetitions. The weighed amount of soil was mixed
with 50 mL of distilled water in plastic bottles and left in the shaker for 2 h. After a thorough
shaking, the content of bottles was filtered on the filter paper. The obtained leachate was
then used to water the seeds of selected plant species.

2.3. Methodology of Laboratory Experiments with Germination

There were eight plant species used in the laboratory experiment. The tested species
included representatives of field crops (Triticum aestivum L., Hordeum vulgare L.), interme-
diate crops (Sinapis alba L., Phacelia tanacetifolia Benth.), vegetables (Allium cepa L., Lactuca
sativa L.) and field weeds (Tripleurospermum inodorum/L./Sch.Bip., Galium aparine L.).

The experiment with the seed germination rate of selected plant species took place
in climaboxes with a light regime of 12 h dark/12 h light at an air temperature of 15 ◦C.
The seeds germinated in Petri dishes; each dish contained 8 seeds on 3 layers of filter paper.
Seeds on the Petri dishes were watered with soil leachates from the three variants of tillage
(CT, MT, NT) and with tap water (Control). Each variant of tillage and plant species had
8 repetitions, and each repetition had a separate Petri dish. The germination of seeds was
assessed in 4 terms. The first term (I) was Day 3 from the establishment of the experiment;
the second term (II) was Day 7, the third term (III) was Day 14, and the fourth term (IV)
was Day 21 from the establishment of the experiment. During the experiment, the Petri
dishes were evenly watered.

Germination was assessed for each plant species separately. All data were subjected
to tests of homogenity and normality. The results were statistically evaluated by the multi-
factor ANOVA and by the Fischer LSD test. The data were not transformed prior to the
statistical analysis.

3. Results

The germination capacity of caryopses of field crops Triticum aestivum and Hordeum
vulgare was the lowest in the variant watered with the NT systems leachate in the first term
of assessment (Day 3 from the establishment of the experiment). In the other terms, the
germination capacity was gradually becoming equal, and in the third and fourth term,
differences were no more statistically significant (Figures 1 and 2).
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Figure 1. Development of the germination of Triticum aestivum caryopses watered with soil leachates 
from different soil tillage. The results represent the mean of 8 biological replicates ± SE. Identical 
letters express statistical non-significance between the variants, different letters express statistical 
significance at a significance level p = 0.05 (Fisher LSD test). The plot shows the mean, the whiskers 
representing the standard error, values with different letter (a, b, c, d) differ significantly. Variants 
of tillage technologies: CT—Conventional tillage with ploughing; MT—Minimum tillagethe; NT—
Direct sowing. 
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from different soil tillage. The results represent the mean of 8 biological replicates ± SE. Identical 
letters express statistical non-significance between the variants, different letters express statistical 
significance at a significance level p = 0.05 (Fisher LSD test). The plot shows the mean, the whiskers 
representing the standard error, values with different letter (a, b, c, d, e) differ significantly. Variants 
of tillage technologies: CT—Conventional tillage with ploughing; MT—Minimum tillagethe; NT—
Direct sowing. 

Figure 1. Development of the germination of Triticum aestivum caryopses watered with soil leachates
from different soil tillage. The results represent the mean of 8 biological replicates ± SE. Identical
letters express statistical non-significance between the variants, different letters express statistical
significance at a significance level p = 0.05 (Fisher LSD test). The plot shows the mean, the whiskers
representing the standard error, values with different letter (a, b, c, d) differ significantly. Variants
of tillage technologies: CT—Conventional tillage with ploughing; MT—Minimum tillagethe; NT—
Direct sowing.
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Figure 2. Development of the germination of Hordeum vulgare caryopses watered with soil leachates
from different soil tillage. The results represent the mean of 8 biological replicates ± SE. Identical
letters express statistical non-significance between the variants, different letters express statistical
significance at a significance level p = 0.05 (Fisher LSD test). The plot shows the mean, the whiskers
representing the standard error, values with different letter (a, b, c, d, e) differ significantly. Variants
of tillage technologies: CT—Conventional tillage with ploughing; MT—Minimum tillagethe; NT—
Direct sowing.
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The germination response of crops used as intermediate crops (Sinapis alba, Phacelia
tanacetifolia) was similar. The lowest one was recorded in the variant watered with NT
and MT leachates in the first term of assessment (Day 3 from the establishment of the
experiment). In the following terms (II, III, IV), the germination capacity reached similar
values with differences not being statistically significant (Figures 3 and 4).
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Figure 4. Development of the germination of Phacelia tanacetifolia caryopses watered with soil
leachates from different soil tillage. The results represent the mean of 8 biological replicates ± SE.
Identical letters express statistical non-significance between the variants, different letters express
statistical significance at a significance level p = 0.05 (Fisher LSD test). The plot shows the mean, the
whiskers representing the standard error, values with different letter (a, b, c, d, e, f) differ significantly.
Variants of tillage technologies: CT—Conventional tillage with ploughing; MT—Minimum tillagethe;
NT—Direct sowing.
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The most pronounced reaction was recorded in the germination capacity of seeds
vegetables (Allium cepa, Lactuca sativa). Soil leachates from the variants of reduced tillage
(NT and MT) exhibited a lower germination capacity in the first term of assessment. In
the last term of assessment, this difference was no more statistically significant. The soil
leachates obviously inhibit the process of germination (Figures 5 and 6).
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from different soil tillage. The results represent the mean of 8 biological replicates ± SE. Identical
letters express statistical non-significance between the variants, different letters express statistical
significance at a significance level p = 0.05 (Fisher LSD test). The plot shows the mean, the whiskers
representing the standard error, values with different letter (a, b, c, d, e, f) differ significantly. Variants
of tillage technologies: CT—Conventional tillage with ploughing; MT—Minimum tillagethe; NT—
Direct sowing.
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Figure 6. Development of the germination of Lactuca sativa caryopses watered with soil leachates
from different soil tillage. The results represent the mean of 8 biological replicates ± SE. Identical
letters express statistical non-significance between the variants, different letters express statistical
significance at a significance level p = 0.05 (Fisher LSD test). The plot shows the mean, the whiskers
representing the standard error, values with different letter (a, b, c, d, e, f, g, h, i) differ significantly.
Variants of tillage technologies: CT—Conventional tillage with ploughing; MT—Minimum tillagethe;
NT—Direct sowing.
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Compared with the cultural plant species, the germination of two weeds (Tripleuros-
permum inodorum, Galium aparine) was markedly differed. Significant differences in seed
germination rate were between the terms of assessment. Germination was clearly lower
in the first term of assessment. Higher germination was recorded in the variants with soil
leachates from reduced variants of tillage (NT and MT); lower germination was observed
in the leachate from the variant with the CT. The differences in germination observed for
the variants with leachate were not statistically significant (Figures 7 and 8).
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Figure 8. Development of the germination of Galium aparine caryopses watered with soil leachates
from different soil tillage. The results represent the mean of 8 biological replicates ± SE. Identical
letters express statistical non-significance between the variants, different letters express statistical
significance at a significance level p = 0.05 (Fisher LSD test). The plot shows the mean, the whiskers
representing the standard error, values with different letter (a, b, c, d, e, f, g, h, i) differ significantly.
Variants of tillage technologies: CT—Conventional tillage with ploughing; MT—Minimum tillagethe;
NT—Direct sowing.
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Germination of seeds results of individual selected plant species are presented in
Table 1. It follows from them that the germination response is different in them. The highest
germination capacity was exhibited by the control variant in which only water was used
for irrigation. The other experimental variants with the soil leachates showed different
effects on the germination capacity of selected plant species.

Table 1. Average germination of studied plant species.

Irrigation
with Soil
Leachate

Terms of
Evaluation

(Date)

Average Germination of Selected Plant Species (Number of Germinated Seeds)

Triticum
aestivum

Hordeum
vulgare

Sinapis
alba

Phacelia
tanacetifolia

Allium
cepa

Lactuca
sativa

Tripleurospermum
inodorum

Galium
aparine

Minimum
tillage (MT)

I. 4.25 3.75 3.88 2.88 2.25 0.75 0.38 0.38
II. 7.25 6.50 7.75 5.13 5.13 3.50 1.75 0.63
III. 7.38 7.38 7.75 6.75 6.63 5.75 3.50 2.25
IV. 7.38 7.50 7.75 7.38 6.63 6.38 3.75 2.63

Direct
sowing

(NT)

I. 2.88 3.13 3.75 3.00 3.00 1.63 0.38 0.13
II. 5.88 6.13 7.13 5.00 5.13 3.25 1.50 0.63
III. 7.13 7.00 7.38 6.50 6.13 5.13 3.25 1.13
IV. 7.25 7.25 7.50 6.75 6.25 6.00 4.38 1.75

Conventional
tillage CT)

I. 5.38 5.13 4.25 4.25 4.00 4.25 0.50 0.38
II. 7.38 6.63 7.75 6.00 5.88 6.00 2.00 0.88
III. 7.63 7.25 7.88 7.00 7.25 7.13 3.50 2.00
IV. 7.63 7.38 7.88 7.38 7.25 7.13 3.75 2.25

Water
(Control)

I. 6.13 6.38 5.75 4.63 6.00 5.00 0.50 1.50
II. 7.75 7.38 7.63 6.63 7.25 6.50 2.00 2.75
III. 7.88 7.38 7.75 7.38 7.63 7.50 4.13 5.00
IV. 7.88 7.38 7.75 7.75 7.63 7.75 5.25 5.25

From the summary of the analysis of variance (Table 2), it is obvious that the effect
of evaluation time (I–IV) on seed germination was strongest for all tested species. Overall
effect of different soil leachate (treatment) on seed germination was statistically significant
in all species except Sinapis alba and Tripleurospermum inodorum.

Table 2. Summary of analysis of variance for germination of selected species according to treatment
and time of assessment.

Source of Variance Triticum
aestivum

Hordeum
vulgare

Sinapis
alba

Phacelia
tanacetifolia

Allium
cepa

Lactuca
sativa

Tripleurospermum
inodorum

Galium
aparine

Treatment *** *** NS *** *** *** NS ***

Time of evaluation *** *** *** *** *** *** *** ***

Treatment × time of
evaluation * * NS NS NS NS NS *

Differences in germination depending on treatment and time of evaluation and its interaction by ANOVA;
non-significant (NS) or significant at p ≤ 0.05 (*) or p ≤ 0.001 (***), respectively.

4. Discussion

Results of germination tests indicate that soil leachates inhibit the germination of
most tested plant species as compared with the water. Thus, it can be assumed there are
substances in the arable soils, which slow down the seed germination rate of field crops
and vegetables, and even may induce dormancy in weeds. A precise identification and
determination of inhibiting substances is very difficult. However, a degree of inhibition can
be determined by simple biological tests of germination. Higher plants currently most used
to evaluate the environment contamination are Allium cepa, Vicia faba, Zea mays, Tradescantia,
Nicotiana tabacum, Crepis capillaris and Hordeum vulgare [29]. Very sensitive vegetable species
are Allium cepa and Lactuca sativa [29,30]. The reaction of vegetable species was expressive
and statistically significant especially in Lactuca sativa, which was in line with the findings
of Mañas et al. [30]. Moreover, some studies recommended Lactuca sativa as a bioindicator
to determine the toxicity of soil and water samples [31].
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The results also indicate that the reduced technologies of tillage (NT and MT) slow
down the germination of the seeds of studied species. This is obvious particularly in
the first term of assessment. We can assume that in field conditions, the inhibition of
germination rate can show as uneven and slowed-down emergence or in the development
of some soil pathogens. According to Chovancová et al. [32], Małecka-Jankowiak et al. [33]
and Mancinelli et al. [34], the system of tillage changes soil properties and thus affects the
growth and development of plants. According to Wang et al. [35], despite the high potential
of mulch, its effect for increasing yield would depend on the amount of precipitation
during the crop growing season. As the composition of soil organisms changes due to
the decomposition of post-harvest residues, applied pesticides and industrial fertilizers,
the soil processes change too [36–39]. This may result in the development of inhibiting
substances slowing down the process of germination, which is particularly obvious in the
reduced technologies of tillage. The trend is evident namely in cereals (Triticum aestivum,
Hordeum vulgare), i.e., in crops that are grown on the experimental plot. On the other hand,
it is not so apparent in Sinapis alba and Phacelia tanacetifolia, which are not represented in
the crop rotation. This shows that post-harvest residues of a certain crop in the soil inhibit
(slow down) the germination of seeds of identical plant species.

A number of authors claim that the addition of extracts from different crops results
in a slowed-down germination rate in maize [9,10,26,40] and spring barley [41]. A cause
in the decreased germination rate can be a change in the production of H2O2 due to the
disturbed balance between phytohormones (abscisic acid and ethylene) in the seeds [42] by
oxidation stress induced by phytotoxins from extracts, which cause damage to cells [43]
and change in the mobilization of reserves as well as in the generation of energy during
germination [44]. It follows out from the results that consequences of the action of biomass
decay show also in the soil leachate.

The response of weed species (Tripleurospermum inodorum, Galium aparine) was different
than that of cultural plants. Compared with the control variant, which was irrigated
with water, soil leachates slowed down the germination of their seeds too. However,
differences between the leachates from the variants of tillage technologies were no more
statistically significant. Therefore, the germination of weed species is not affected by
inhibitory substances in the soil environment. Although many authors point out the
influence of technologies on the change in the infestation of field crops by weeds [45–47],
our research results suggest that inhibitory substances in the soil environment should not
be held responsible for that.

Thus, technologies of tillage change the soil environment; in reduced technologies,
the action of inhibitory substances may show in the germination rate. Slowed-down
germination can affect the quality of field crop and vegetable stands. Conventional tillage
technology mitigates these negative consequences.

5. Conclusions

The research confirmed that the tillage systems change the soil environment. Soil
leachates showed an inhibitory influence on the seed germination rate of selected plant
species. In the first term of assessment, all plant species in variants watered with the
soil leachate exhibited lower germination. The total number of germinated seeds did not
differ, though. The soil environment has a potential to slow down germination, which
can be a reason for uneven emergence in field crops. It is also obvious that reduced
technologies of tillage can considerably slow down the germination rate in field crops. The
phenomenon is more conspicuous in crops grown one after the other and with the use of
reduced technologies. Results of our laboratory test show a great potential of biological
methods. The complex of soil environment factors affecting the germination of seeds can
be assessed comprehensively thanks to simple biological tests. The assessment of the
combined effect of agrochemicals by means of biological tests appears very promising.
The tests represent a low-cost, complex, and more applicable variant for evaluating the
condition of agricultural soils.
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Results suggest that alternative methods of management, which reduce the amounts
of agrochemicals on arable land and in substrates that are increasingly used for intensive
production, should be given more attention. In this context, an issue comes to the fore of
hydroponic growing of vegetables, where a rockwool growing medium is used as a substrate.
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