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Today, soil degradation processes present severe challenges to farmers. This is even more typical in
cultivating vegetables in growing equipment, where the intensive use of chemicals causes physical,
chemical, and biological degradation of soils. Therefore, it is essential to find solutions with which
we can sustainably slow down these processes in such a way as to minimize crop losses and not
increase the costs of growers. One such solution could be the use of cover crops in growing equip-
ment. Our main objective was to find a sustainable cultivation solution to increase soil biological

Keywords: activity, organic matter and nutrient content, thus improving soil health. The research was carried

out on sandy soil with low organic matter content in a foil housing experiment. Several soil samples
Sandy soil were taken during the experimental period. The labile carbon content (POXC), fluorescein diacetate
Soil biology and phosphatase enzyme activity, nitrate content and yield tests were also determined from the soil
Soil Health samples. Based on our results, we could not detect a significant difference between the cover crop
Cover crop + Trichoderma treatment and the cover crop treatment. However, we found that when using cover
Capsicum crops, the Trichoderma treatment had a positive effect and was significantly different from the oth-

er treatments for biological activity (FDA), phosphatase activity, and nitrogen retention. Although
there was no difference in yield between the treatments, the positive characteristics mentioned
above may help develop a sustainable horticultural production that will improve soil health in the
long term. Overall, it can be concluded that using cover crops can be an effective method for increas-
ing the active carbon content of the soil, which microbes can use. Furthermore, with the diversity
of its root system, the well-chosen cover plant mixture provides a vast, rich surface and a habitat
for soil microbes, increasing biological activity. In addition, the rhizosphere, the scene of important
metabolic processes, contributes significantly to increasing the soil’s organic matter stock.

Trichoderma harzianum

1. Introduction dation problems and changes in the regulation of agricultural

chemicals, we need new alternatives that promote healthy crop

There is a growing demand for farm-grown vegetable crops
free from fertilizers, pesticides and xenobiotics. These systems
can only be maintained through an ecological approach by im-
proving the biological properties of the soil. Improving soil bio-
logical activity is essential to increase and improve the organic
matter content of soils. Organic matter preserves soil moisture,
improves soil structure and attenuates climate change stresses,
which are essential for good soil life (Gurmu, 2020). Growing en-
vironmental challenges show that soils cannot be seen as a sim-
ple supporting medium but as a key factor for yield, crop quality
and crop safety (Juhos et al., 2019). With increasing soil degra-

growth and improved crop quality. New solutions include ensur-
ing an adequate supply of organic matter, recycling available
organic waste, or using alternative organic materials. The use of
alternative organic materials, such as composts or organic fertil-
izers, makes it possible to maintain and improve soil nutrient
supply (Viti et al.,, 2010; Rayne and Aula, 2020), allowing the use
of inorganic fertilizers to be reduced, but they are becoming in-
creasingly scarce. A particular difficulty in vegetable production
is using technologies that involve growing in foil or greenhouses.
There is limited scope for soil improvement, replacement or crop
rotation here. This increases the chances of pathogenic organ-
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isms proliferating, depleting soil nutrients and reducing biologi-
cal processes. In the case of such growing equipment, particular
attention should be paid to developing cultivation technologies
that consider sustainability and consumption needs.

In horticultural vegetable production, various types of en-
closed growing equipment are widespread. In this practice, there
is often no possibility of moving the equipment or changing the
soil, and monoculture cultivation is frequently used, where the
same crops are grown for several years in a row. In practice,
it is common to have several crops in succession in unheated
greenhouses, taking advantage of the possibility to extend the
growing season for better economic use. However, when grow-
ing economically important crops, the aim is to achieve higher
yields as early as possible. This often leads to soil degradation, as
these technologies do not necessarily consider soil degradation
and soil health (Norris and Congreves, 2018). Different mulches
are essential in preventing soil degradation and restoring soil
quality. A common variation is the use of different ground cover
plants. Some authors say cover crops preserve soil moisture, re-
duce soil erosion (Alvarez et al., 2017) and improve soil quality
(Koudahe et al., 2022). In addition, ground cover plants enrich
the soil with organic matter through the rhizosphere effect and
after their termination (or death), thus helping soil life to be ac-
tive (Sharma et al.,, 2018). This is necessary because it provides
food for soil microorganisms and has a significant nutrient sup-
ply (Dabney et al, 2010) and soil structure improvement/for-
mation properties. Their use in closed systems is not yet wide-
spread, but they can be a good alternative to improve soil prop-
erties. Referred because of their positive properties mentioned
above; on the other hand, in the periods between main crops,
plants other than the main crop can also control potential pests
of the main crop in the soil by altering the rhizosphere (Berry et
al,, 2011; Singhal et al., 2020; Kovécs et al., 2024).

Without organic matter input, microbial activity cannot
be maintained (Koudahe et al., 2022). A soil with active soil life
and a continuous supply of organic matter provide many natu-
ral services through soil biological activity. Therefore, replacing
the necessary nutrients and macro-nutrients with living micro-
organisms or their metabolic products instead of fertilizers is
one of the most important professional challenges of our time.
The services provided by microorganisms are much broader
than what we use. In their work, Shingh and Dwivedi (2022)
described Trichoderma harzianum as having a positive effect
on plant development. This can be explained by the fact that
Trichoderma harzianum protects plants from certain pathogens
and helps them survive stress (El-Katatny 2010). Furthermore,
the secondary metabolites produced by the root colonization of
Trichoderma harzianum can increase and increasenutrient the
efficiency of nutrient uptake from the soil and NO, uptake (Singh
and Dwivedi 2022). In their work, Kovacs et al (2024) found that
Trichoderma harzianum + in combination with organic matter,
increased the biological activity of the soil. Their most important
application is to plant nutrient element detection and ensure
nutrient balance (Biro6 et al., 2000; Dudas et al., 2017; Kocsis et
al., 2020). These practices offer a more sustainable and nature-
based approach to soil management and can contribute to the
conservation of topsoil and the stability of agricultural systems
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in the future. The rhizosphere is the area whose functioning and
microbiological composition are actively regulated by the plant,
species, or life stage (Reinhold-Hurek et al.,, 2015). It also plays
a crucial role in improving plant vitality and soil fertility (Rosen-
berg and Zilber-Rosenberg, 2016). The plant regulates the rhi-
zosphere pH, soil moisture and oxygen supply by releasing sig-
nificant amounts of “liquid/active carbon” through other chemi-
cal attractants and antibiotics (Berg and Smalla, 2009; Shi et al.,
2016). Since small changes in total organic matter are difficult
to detect, the potassium permanganate oxidisability test of soil
carbon content (Weil et al.,, 2003) is a rapidly and dynamically
changing parameter and a good indicator of changes over a short
time (Bongiorno et al., 2019; Pulleman et al., 2021). These mea-
surement methods aim to estimate the “active”/’labile” — more
available to plants and microbes - soil carbon content, including
the carbon stored in the soil’s microbial biomass, organic mat-
ter, and carbohydrate molecules. The resulting active organic
carbon (POXC) is more sensitive to soil disturbance than total
organic carbon and in many cases, correlates with soil biologi-
cal activity (Margenot and Hodson, 2016; Margenot et al., 2017).
Other influencing factors may include soil type and condition
(Marschner et al., 2004), agrochemicals, organic and inorganic
fertilizers used, and tillage practices (Zobiole et al., 2011; Wu
et al., 2020). However, crop production technology impacts soil
biological activity through its effect on the carbon cycle. Overall,
biological activity is the maintenance of soil nutrient reserves,
converting nutrients into compounds available to plants.

The use of cover crops in growing equipment (such as
a greenhouse or foil house) is not widespread in the literature
or practice, and we aimed to test this option and compare it with
various conventional methods that impact soil health and qual-
ity. Our main objective was to select soil biological parameters
that correlate well with soil quality and health parameters. We
evaluated the effect of different nutrient amendment methods
on soil biological properties by measuring soil labile carbon,
fluorescein diacetate and phosphatase enzyme, nitrate content
and yield development.

2. Materials and methods

2.1. The research area, applied treatments
and soil sampling

The experimental site is located at Kirdlyhalom in Serbia
(46.102046°N, 19.885812°E). The trials were carried out over
two years (2022 and 2023) in an unheated foil house of 165 m?,
with 33 m? plots per treatment. The soil properties of the ex-
perimental area are shown in Table 1. The test plant was sweet
pepper (Capsicum annuum L.,). Sweet peppers are important in
vegetable production and are grown in large areas of the world
as growing equipment. This is mainly due to its heat and light
requirements. In our experiments, 110 pepper seedlings per
treatment were planted in early May in both years, in 50x40 cm
rows/spacing. Two treatment groups were used. For one group,
we aimed to model conventional cultivation technology. In this
case, the main crops (crops grown for economic purposes) follow
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each other during the growing season, thus taking advantage of
the growing equipment’s ability to extend the growing season.
In our case, radish (Raphanus sativus L. var. sativus) preceded
table pepper (Capsicum annuum ‘Amy F1’) in early spring. For
the other treatment group, we used a cover crop that is common
in field conditions but not rarely used in cultivation equipment,
which, although it has an economic loss, can help in sustainable
cultivation. The test plants were provided with 6.5 L/m? of wa-
ter per day during the growing season, with sprinkler irrigation,
and 10 g/m? of active ingredient in the form of ammonium ni-
trate was applied to all treatments (except dM) at the beginning
of berry development. For further treatments, we used Tricho-
derma fungi, cattle manure, and fertilizer (Table 2). Trichoderma
spp. are a group of free-living fungi that are used worldwide as
biocontrol and growth-promoting agents (Pang et al., 2017). The
inoculant (with a spore number of 1x10°) was applied with irri-
gation water before planting the seedlings and rotated shallowly
(at the depth of the root zone) into the soil. The stable manure we
used consisted of cattle manure. The fertilizer treatment (F) was
34% ammonium nitrate, which is applied immediately before
planting. For the soil biology studies, soil samples were always
taken from a depth of 0-10 cm of soil. Samples were taken from
four points per plot, which were used after thorough homogeni-
zation and from which further measurements were taken. Fresh
soil samples were stored at +4°C until use for the enzyme tests,
while room temperature dried soil was used for the labile car-
bon (POXC) and nitrate content tests.

Table 1
Soil physical and chemical properties of the experimental site

Parameters Soil properties
Texture sand

PH (CaCl) 7.44

CaCO, (m/m%) 3.75

Soil Organic Matter (m/m%) 0.30

P,0, (mg/kg) 263

K,0 (mg/kg) 93

NO, + NO, - N (mg/kg) 44

Table 2

Recommended and applied dose of treatments expressed in kg/m? and 1/m?

Different soil resource management methods on soil health

2.2. Measurement of soil enzyme activity
and permanganate oxidizable carbon (POXC)

Soil phosphatase enzyme activity was measured using the
method of Sinsabaugh et al (1999). The measurement of phos-
phatase activity is based on the determination of p-nitrophenol
released during enzymatic hydrolysis of a synthetic substrate,
p-nitrophenyl phosphate (pNP-PO4). The enzyme in the soil
causes the substrate to form p-nitrophenol. NaOH causes the pH
to become alkaline and the colourless pNP formed is converted
to yellow phenolate. The intensity of the color is proportional to
the enzyme activity of the soil. The determination of the enzyme
fluorescein diacetate (FDA) was performed according to the de-
scription of Varma and Oelmdiiller (2007). During the reaction,
the colorless FDA is hydrolyzed by free and membrane-bound
enzymes in the samples, releasing a colored end product, which
was determined spectrophotometrically at 490 nm. The meas-
urement of activated carbon (POXC) was carried out according
to the method of Weil et al (2003) using the change in KMnO,
concentration to estimate the amount of oxidized carbon. The
technique consists of shaking 1 g of air-dry soil in 10 ml 0of 0.02 M
KMnO, in 0.02 M solution for 5 min and measuring the absorb-
ance at 565 nm. Nitrate content was measured only from sam-
ples taken at the end of the growing season. Nitrate content of
soil samples was determined with 1 M KCl extraction. Accord-
ing to the rapid determination method of NO,N, the complex
molecule reacts with salicylic acid in complex basic solutions
formed under strongly acidic conditions and absorbs maximally
at 410 nm (Cataldo et al., 1975). Enzyme activity, POXC, and ni-
trate measurements were performed with a Biochrom Libra S22
spectrophotometer. The soil moisture was determined from the
soil sample by gravimetric method and the results of the soil bio-
logical measurements were expressed as dry soil mass. Yields
were characterized by the weight of peppers harvested per unit
area during the whole growing season.

2.3. Data analysis

Statistical evaluation of the results was performed using R
4.2.1. The effect of treatments on soil microbial parameters was
evaluated by multi-factor analysis of variance (MANOVA). The
homogeneity of the covariance matrix (homoskedasticity) was

Treatment Treatment Description and dose

in short

F(control) Fertilizer 0,04 kg/m? ammonium nitrate (34%)

M Cattle manure 6 kg/m?

dM Double dose cattle manure 12,8 kg/m?

Cc Cover crop: 0,006 kg/m? composition of cover crops: Pisum sativum subsp. arvense, Vicia sp.,
Avena sativa.

CcT Cover crop + Trichoderma harzianum. 0,006 kg/m?; composition of cover crops: Pisum sativum subsp. arvense, Vicia sp.,

Avena sativa. + 0,002 L/m?

193448



Papdi et al.

checked by Box’s test. The normality of the MANOVA model was
verified for the residuals using the Shapiro-Wilk test. Levene’s
test was used to test for variance homogeneity as a variable, and
on this basis we decided on the post hoc pairwise comparison
method. The significance levels for the analysis of variance were
determined using Bonferroni correction. The effectiveness of
treatments was assessed according to Wilks’ Lambda.

3. Results and discussion
3.1. Effect of treatments on soil-biological activities

In the first year, treatments had a significant effect on FDA
activity (F,,, = 3.04; P<0.05; partial n? = 0.35). The value of the
partial n? indicates that the treatments affected the FDA activ-
ity by 35%. The results of Duncan’s post hoc test between treat-
ments are shown in Fig. 1. If we look at the data from the first
year of the experiment, there was a significant difference in the
total biological activity of the FDA enzyme between the con-
trol (F) and the double manure (dM), as well as the cover crop
treatments (Cc, CcT (P<0.05). Significantly (P<0.05) lower FDA
enzyme values were measured in the soil of the only artificially
fertilized plots than in the dM, Cc and CcTtreatments (Fig. 1a).
Overall, there was a significant difference (P<0.05) between
the treatments in the first year, but no statistically significant
difference was detected in the second year F(4,75) =0.09; P>0.05;
partial n? = 0.005, however, it can be seen that for all treatments
the values were higher on average compared to the previous
year (Fig. 1b). FDA is a good indicator of soil biological activity
because it is hydrolyzed by many different enzymes, such as
proteases, lipases, and esterases (Herndndez et al., 2020). The
studies of Aseri and Tarafdar (2006) also confirmed that the
FDA enzyme is a particularly good indicator for soils with low
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Fig. 1. Effects of treatments on FDA enzyme activity in two years
a) 2022, b) 2023. The notations in the figure are F: fertilizer, M: manure,
dM: double dose manure, Cc: cover crop, CcT: cover crop + Trichoderma
sp. The results of multiple comparisons of the MANOVA model are indi-
cated by the letters above the graph. Statistical significance was deter-
mined by post-hoc test, where *’P<0.05 ** P <0.01 **** P <0.001./ Tukey
post-hoc test
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organic matter content and arid areas. In our case, in the first
year, it was confirmed that the biological activity was lower
in those treatments that did not receive organic matter or had
a low organic matter content (due to the absence of the rhizo-
sphere of the cover plants). In the treatments where we mod-
eled conventional practice and used continuous cultivation,
the sparser rhizosphere of the pre-crop (radishes) did not have
a significant effect in the first year, in contrast to the cover crop
treatments, which produced a particularly large rhizosphere
and aboveground biomass. The exception is the dM treatment,
which showed a significant difference from the F treatment,
similar to the cover crop treatments. Here, the excess organic
matter affected the activity. By the second year, the biological
activity of the soil showed a significant increase in all treat-
ments due to the increased content of organic matter. The sig-
nificant differences between the treatments disappeared, and
we showed an equalization between the treatments. Sandy soils
with low organic matter content are generally characterized by
lower activity (Acosta-Martinez et al., 2007; Iovieno et al., 2009).
At the same time, it can be observed that the treatments rich
in rhizosphere (cover crop and cover crop + Trichoderma) had
significantly high biological activity. This is due to the rhizo-
sphere effect (Dotaniya and Meena 2015), as the root system of
the cover plants contributed to improving the soil by increasing
the organic matter content, as well as providing a habitat for
microbes (Nair and Ngouajio, 2012; Finney et al., 2017).

In the case of phosphatase activity, a statistically significant
difference between the treatments was detected in both the first
(F 445 = 55.13; P<0.001; partial n?=0.86), and the second (F,,,, =
5.073; P<0.01; partial n?=0.15) year. The results of the Duncan
post hoc test are shown in Fig. 2ab. The value of the partial n2
indicates that the treatments affected the phosphatase enzyme
86% in the first year, while in the second year, only 15%. The
production of the phosphatase enzyme starts in the soil when
the amount of phosphorus decreases or when a source of phos-
phorus that is difficult to absorb is present (Allison et al., 2007).
However, at the same time, the high phosphorus level inhibits
the enzyme’s functioning (Spohn et al., 2015). In our case, in the
first year (Fig. 2a), we showed a significant difference between
M, dM, CcT associated to the control (F) and Cc treatment. At the
same time, CcT treatment had significantly higher activity than
M and dM treatments. In the second year (Fig. 2b), the phospha-
tase activity of the F, M and dM treatments developed very simi-
larly compared to the previous year. This similarity was possible
in the M and dM treatments due to phosphorus found in differ-
ent forms in the manure (Lemanowicz et al., 2014). However, the
TT treatment activity decreased and significantly differed from
the dMtreatment. During their experiment, Liu et al. (2020) es-
tablished that Trichoderma harzianum positively affected phos-
phatase activity. That is why, in the first year, the phenomenon
could have been that although phosphorus was present in suf-
ficient quantity in the soil, the plants needed more phosphorus
in the CcT treatment. The activity of the Cc treatment developed
similarly to the CcT treatment in the second year. Furthermore,
it can be observed that the phosphatase activity of the F treat-
ment was lower than the activity of the other treatments in both
years. It is essential to consider during the treatments that lower
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Fig. 2. Effect of treatments on phosphatase enzyme activity
in two years a) 2022, b) 2023. The notations in the figure are
F: fertilizer, M: manure, dM: double dose manure, Cc: cover
crop, CcT: cover crop + Trichoderma sp. The results of multiple
comparisons of the MANOVA model are indicated by the let-
ters above the graph. Statistical significance was determined
by post-hoc test, where *’P<0.05 ** P <0.01 *** P <0.001./ Tukey
post-hoc test

PHOS [pumolg*h?]

activity is typical on more calcareous soil, as acid phosphatase
enzyme activity is negatively correlated with soil pH (Iyyempe-
rumal and Shi, 2008).

3.2. Changes in soil permanganate oxidizable (POXC)
carbon content

In the case of POXC, no statistically significant difference
could be detected between the treatments in the first year (F,
= 0.57; P>0.05; partial n? = 0.15) (Fig. 3). At the same time, in the
second year, there was a significant difference (Fys5 = 3.53;
P<0.01; partial n?=0.15) between the treatments. The results
of the Duncan post hoc test between treatments are shown in
Fig. 3. By the second year a significant increase in POXC values
was observed for all treatments. The significant increase in
POXC can be attributed to companion crops being used between
the main plants in all treatments. In the case of the Cc and CcT
treatments, the rhizosphere of the cover crops, while in the case
of the F, M and dM treatments, the contribution of the rhizo-
sphere of the intermediate plant widely used in conventional
cultivation (in our case, radish) contributed to a significant in-
crease in the amount of POXC in the soil. These results were sup-
ported by a similar increase in the biological activity of the soil
for the second year (Fig. 1). What was even more striking in the
case of labile carbon was that, for the second year, the F treat-
ment showed significantly higher results compared to the dM,
Cc, and CcT treatments. In the case of treatments with a higher
root mass and organic matter, the quantity of soil microbes is
more significant (Buyer et al., 2010; Nair and Ngouajio, 2012).

@ 1

1

Fig. 3. Effect of treatments on the oxidizable carbon content of
permanganate in two years a) 2022, b) 2023. The notations in
the figure are F: fertilizer, M: manure, dM: double dose manure,
Cc: cover crop, CcT: cover crop + Trichoderma sp. The results of
multiple comparisons of the MANOVA model are indicated by the
letters above the graph. Statistical significance was determined
by post-hoc test, where *’P<0.05 ** P <0.01 **** P <0.001./ Tukey
post-hoc test
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As a result of the priming effect, these microbes can utilize the
available and added organic matter more efficiently and quick-
ly (Fontaine et al., 2003; Blagodatskaya and Kuzyakov, 2011). In
contrast, this effect is not observed in the case of the F treatment,
which contains a much smaller continuous root mass and low
organic matter. In this case, the soil does not have the same lev-
el of microbial diversity as the other treatments. Although the
overall biological activity is similar to the other treatments, pre-
sumably the amount of microbes adapted to continuous organic
matter decomposition is lower than in soils with high organic
matter content (Bending et al., 2002; Murphy et al., 2011).

3.3. Effect of treatments on plant nutrition and yields

Regarding the nitrate content of the soil, a significant differ-
ence could be detected between the treatments in both the first
(F(4,5) =2.05; P<0.05; partial n? = 0.62) and the second (F<4,5) =46.73;
P<0.05; partial n? = 0.97) year. The value of the partial n2 in the
second year is 97%, while in the first year it is only 62%. In the
first year, there was a significant difference in soil nitrate con-
tent between the control (F) and CcT treatments (Fig. 4). It was
observed that the cover crop (Cc) treatment resulted in a higher
nitrate content. In the first year, despite the differences in dos-
age between the M and dM treatments, there was no difference
in the NO, content. This suggests that the extra amount of or-
ganic fertilizer that was applied as a surplus dM treatment soil
did not change the leaching rate of nitrate from the soil of the
other non-cover plant treatments. Our results also show that the
intermediate plant (radishes) used in conventional cultivation
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practices could not influence nitrate leaching. At the same time,
the large root mass of the continuously and purposefully applied
cover crops contributed to the binding of nitrate in the soil (near
the rhizosphere) by the plants taking up and incorporating the
nitrate into their own bodies. After terminating the cover crops,
this returned to the soil and increased its nitrate content. The
two cover crop treatments (Cc and CcT) significantly differed
from the F, M and dM treatments in the second year. In addi-
tion, a significant difference was also detected between the Cc
and CcT treatments. Gabriel et al. (2012) found in their 3.5-year
experiment that the cover crop plants helped reduce NO, leach-
ing. This explains why the nitrate content in the soil was higher
in the cover crop treatments.

Fig. 4. Effect of treatments on NO3-N in two years a) 2022,
b) 2023. The notations in the figure are F: fertilizer, M: ma-
nure, dM: double dose manure, Cc: cover crop, CcT: cover crop
+ Trichoderma sp. The results of multiple comparisons of the
MANOVA model are indicated by the letters above the graph.
Statistical significance was determined by post-hoc test, where
*P<0.05 ** P <0.01 *** P <0.001./ Tukey post-hoc test

We examined the effects of the treatments on the crop yield
and the vintage effect as a separate factor and their interaction.
Neither the treatments (F<4,30) =2.77; P>0.05; partial n?=0.27)
nor the vintage as a factor had a significant effect on the yield
(F ;3= 7:15; P>0.05; partial n* = 0.19). The interaction effect was
not significant either (F , , = 1.40; P>0.05; partial n*= 0.15) (Fig. 5).
The effect of the different treatments on the soil parameters, such
as soil FDA changes in organic POXC, PHOS and NO,, can be eval-
uated partly through the partial n? values (Fig. 6). The data show
that in the year 2022, the FDA value contributed significantly to
the change in soil parameters with a partial n? value of 0.35. In
the same year, the POXC and NO, parameters showed a mod-
erate contribution (with values of 0.105 and 0.62, respectively),
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g g Fig. 5. Effect of treatments on yields in two years a) 2022, b)
2 2 2023. The notations in the figure are F: fertilizer, M: manure,
5 5 dM: double dose manure, Cc: cover crop, CcT: cover crop +
Trichoderma sp. The results of multiple comparisons of the
MANOVA model are indicated by the letters above the graph.
0 0 Statistical significance was determined by post-hoc test, where
F M dM cs CeT F M dM  Ce CcT *P<0.05 ** P <0.01 *** P <0.001./ Tukey post-hoc test
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and presented in green (low effect size), medium yellow (me-
dium effect size) and red (high effect size)
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while the PHOS parameter provided the largest contribution
(with a value of 0.86). In the year 2023, the following trend was
observed: FDA partial n? decreased drastically (0.004), which
may mean that the role of FDA activity in the change of geologi-
cal parameters is negligible in this year. On the other hand, the
contribution of the POXC and PHOS parameters increased (with
values of 0.15 and 0.15, respectively), although these values can
still be considered moderate. The contribution of the NO, pa-
rameter increased to the highest, with a value of 0.973. This has
a substantial effect and may indicate that the nitrogen content
has become an important factor in the soil parameters studied
this year. These results suggest that the importance of individ-
ual soil parameters may change over time and that changes in
treatments or environmental conditions may affect soil quality
characteristics in different ways. When analyzing the data, it is
necessary to take into account the interactions between differ-
ent parameters, as well as environmental and weather changes,
which can also affect the change in geological parameters.

4. Conclusions

The use of cover crops is a sustainable practice for improv-
ing the biological and chemical parameters of the soil, thereby
contributing to making water management more efficient.
Numerous previous studies have confirmed this, but its use in
cultivation tools is not yet widespread. Since organic manure
of animal origin is available in minimal quantities, alternative
solutions are needed that improve, or at least maintain, the
stock of organic matter and biological activity of the soil, thus its
good physical and chemical properties. This is especially true for
sandy soils. From our results, we found that using cover crops
can be an effective method for increasing the active carbon con-
tent of the soil, which microbes can use.

Furthermore, with the diversity of its root system, the well-
chosen cover plant mixture provides a vast, rich surface and
a habitat for soil microbes, increasing biological activity. In ad-
dition to creating a living space, the rhizosphere, the scene of
important metabolic processes, contributes significantly to in-
creasing the soil’s organic matter stock. Special attention must be
paid to retaining nitrogen nutrients and preventing leaching on
sandy soils and growing equipment. With our two-year results,
we have already proved the important role of cover crops in
nutrient retention, thereby contributing to the practice of more
sustainable fertilizer application. There were no differences
between the treatments regarding yield, but their contribution
as mentioned above to sustainable horticultural/agricultural
practice is noteworthy. Based on our results, we could not detect
a significant difference between the cover crop + Trichoderma
treatment and the cover crop treatment. However, we found that
when using cover crops, the Trichoderma treatment had a posi-
tive effect and significantly differed from the other treatments
for most parameters. Another research direction is the reduction
of pathogenic and plant pathogenic organisms, which are also
a significant problem in greenhouse cultivation practices, where
soil replacement cannot be solved. This is especially true for the
reduced or complete absence of chemical use. In this case, an

Different soil resource management methods on soil health

additional goal is to carry out studies in which it is established
what effect the use of “transitional” plants of different types and
properties between cultivated plant cultures has in reducing soil
pathogens, contributing to sustainable horticultural cultivation.
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