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ABSTRACT

There is a great deal of research showing the
effect of earthworms and vermicompost on soil pa-
rameters and phytomass production of cultivated
crops. However, the specific effects of Lumbricus
terrestris on soil properties under different soil con-
ditions are unknown. The aim of this work was to
investigate A) the effect of soil and soil mixed with
vermicompost in ratios 9:1 and 4:1; B) the effect of
earthworms (Lumbricus terrestris L.) on physico-
chemical parameters of substrates and total above-
ground biomass of maize (Zea mays L.).The pot ex-
periment was located in a vegetation cage on the
campus of the Slovak University of Agriculture in
Nitra (Slovak Republic). 12 individuals of Lumbri-
cus terrestris were added to the prepared substrates.
Soil samples were taken at the end of the vegetation
period. Three sample were done during the vegeta-
tion period to detect maize growth.

The highest vermicompost content was shown
to increase the available phosphorus, potassium and
sulphur content and increase the substrate's electrical
conductivity. We also saw an increase on pH, total
sorption capacity and a decrease in calcium content
in comparison with pure soil. In terms of physical
properties, a significant decrease in bulk density and
increase in porosity was observed with a 20% ver-
micompost content. Earthworm activity increased
content of the available phosphorus, potassium and
calcium, but decreased the total sorption capacity
and electrical conductivity of substrates. Earth-
worms were shown to increase porosity and actual
air content in the control variant. Increasing ver-
micompost content caused an increase in total bio-
mass due to the increasing content of available nutri-
ents in the vermicompost. Based on the obtained re-
sults, there is a suggestion that a combination of ver-
micompost and earthworms improves soil properties
and promotes plant growth. This finding supports the
importance of soil macro fauna and organic matter in
agricultural soils.
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INTRODUCTION

Waste management is considered an integral
part within a sustainable society, but this requires the
diversion of biodegradable parts of municipal waste
from landfills to alternative processes for their recy-
cling, such as vermicomposting [1]. Vermicompost-
ing is a combined process of conversion of plant res-
idues by the action of earthworms and microorgan-
isms [2]. The beginning of the process is character-
ised by high earthworm activity. The ingestion and
fragmentation of organic substrate by earthworms
occurs, which is associated with a reduction in the
volume of organic material [3]. In the process, the
total number of bacteria and their species diversity
increases, with an increase in the number of bacteria
capable of fixing nitrogen and suppressing plant dis-
eases [4]. In the vermicompost maturation phase, mi-
croorganisms play a dominant role as they continue
to transform organic matter digested by earthworms
[5]. Vermicomposting increases the content of total
nitrogen, phosphorus, and potassium in the final
product [6]. However, the relative abundance of
heavy metals such as iron, manganese, zinc, copper,
chromium and nickel also increases [7].

The product obtained in the vermicomposting
process is called vermicompost. Its effect on soil and
crops has been addressed by several authors [8-9].
Vermicompost increases stem and root length, num-
ber and length of leaves [10], dry weight of plants,
roots and leaves [11], increases total fruit yield and
average fruit weight [12]. Vermicompost also has an
effect on increasing the chlorophyll content [13]
thereby increasing the rate of net photosynthesis
[12]. In medicinal plants, it increases the number of
flowers and the essential oil content [14]. In addition,
vermicompost also increases the soluble sugars and
vitamin C content and improves enzyme activity
[12], but it may have a negative effect on increasing
nitrate content in vegetables [13].

The product obtained after vermicomposting
has a positive effect on the soil's physical parameters
such as aeration and soil porosity [15]. Vermicom-
post affects the degree of soil aggregation and re-
duces bulk density [16]. Among the agrochemical
properties, it increases the content of nitrogen, phos-
phorus (P20s), potassium (K,O), soil carbon [17],
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calcium, zinc, and manganese [18]. It also has bene-
ficial effects on soil microbial and enzymatic activ-
ity, cation sorption capacity [12] and soil oxidation
potential [16].

The earthworm (Lumbricus terrestris L.) is a
native species in western Europe but is now found
across the globe. It is an anecdotal species [19] and
can form long vertical tunnels up to 3 m deep [20].
Earthworms feed on organic material from the soil
surface, which they retract into their tunnels and con-
sume only at various stages of decomposition. They
coat withdrawn food with secretions that contain
bacteria that aid the food's better decomposition [20].
Earthworms have been shown to have a positive ef-
fect on the increase of available nutrients in the soil
[21], influence the change of pH [22] or the overall
soil's sorption capacity [23]. They mainly affect po-
rosity within the soil's physical properties [24],
which in turn affects the soil's hydrophysical proper-
ties [25]. Earthworm activity promotes plant photo-
synthesis [26] and increases chlorophyll and carote-
noid content [27]. All the above-mentioned positive
properties regarding earthworms affect higher total
biomass of the grown crops [28]. Nowadays, the im-
portant role of slime producing earthworms is in-
creasingly discussed. The slime influences the soil's
agrochemical, microbiological and phytophysical
properties [29].

MATERIALS AND METHODS

The pot experiment was carried out in a vege-
tation cage on the Slovak University of Agriculture

campus in Nitra (Slovak Republic). The vegetation
cage consisted of a metal structure to protect the ex-
periment from birds.

The experiment evaluated the effect of two fac-
tors: a) content of vermicompost, b) the presence of
earthworms (Lumbricus terrestris L.) on the soil's
physical and agrochemical parameters, and total
phytomass yield of maize. There was a total number
of six treatments. The experiment variants are shown
in Table 1. Medium heavy soil of chernozem type
(Haplic Chernozems) was obtained from the Dolné
Krskany (Slovak Republic) site from a 0.00 - 0.30 m
soil layer, which was homogenised and sieved
through a size sieve 3x3 cm. The vermicompost was
obtained from VermiVital Zahorce s.r.o. Earth-
worms were hand collected from agricultural land
and followed by species identification. Soil and ver-
micompost were analysed for basic agrochemical pa-
rameters before establishing the experiment (Table
2).

The experiment was performed using the ran-
domised block method in 3 repetitions. Before filling
the containers with soil and vermicompost, a net was
placed underneath each container to prevent the
earthworms escaping. The containers were a cylin-
drical shape with a 35 cm diameter and a height of
35 cm. On March 20", the soil and vermicompost
were mixed according to Table 1 to produce soil sub-
strates. Subsequently, 12 pieces of Lumbricus ter-
restris were added to treatments 2, 4 and 6. The av-
erage weight of earthworms was 6.1 grams. The con-
tainers, together with the substrate and earthworms,
were placed on saucers that could hold 1000 ml of
the escaped soil solution, which was returned to the
containers when required.

TABLE 1
Variants of experiment

Variant Substrate Lumbricus terrestris Mark
1 . 0 pcs S
2 Soil 20 ke 12 pcs S+EW
3 soil 18 kg + 2 kg vermicompost (10% 0 pes S+VCI10
4 V() 12 pcs S+VC10+EW
5 soil 16 kg + 4 kg vermicompost (20% 0 pcs S+VC20
6 VC) 12 pcs S+VC20+EW
EW — earthworm, VC — vermicompost, S — soil
TABLE 2
Agrochemical properties of the soil and vermicompost used in the experiment
Substrate Nan P K Ca S CEC EC Cox
mimol pHxa
Description Mark mg.kg! kg oS %
Soil S 10.5 7 185 8,150 2.5 4964 0.14 6.8 1.2
Ver}%‘gfm' Ve 9745 5150 27250 6,975 1250 2086 104 7.6 245

CEC — Cation exchange capacity, EC — electrical conductivity
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The model crop was maize (Zea mays L.) vari-
ety P9241 from Pioneer. Sowing was carried out on
April 27" to a depth of 3 ¢cm and the substrate was
subsequently irrigated at 75% field water capacity.
During vegetation, the pots were irrigated with irri-
gation water, with negligible nutrient content. One
week after emergence, the number of germinated
plants was standardized to the same number in all
pots (6 individuals per pot). At the first sampling
(June 7™, 2021) 2 individual plants were analysed.
At the second sampling (July 6", 2021) one individ-
ual was taken from each container. The harvest took
place on September 9*, 2021 and 3 individuals were
measured.

Analysis of the weight of aboveground phy-
tomass. The weight of plants in fresh and dried con-
dition was measured on a total of 3 occasions accord-
ing to the growth phase: BBCH 14-15 (June 7',
2021), BBCH 31-32 (July 6%, 2021) and at technical
maturity, at growth stage BBCH 89 (September 9",
2021). After sampling, the plants were taken to the
laboratory where they were weighed for fresh
weight. They were then placed in a drying oven at
105°C and dried to a constant weight. After drying,
the plants were weighed.

Soil properties analysis. A soil substrates
analysis for physical properties was carried out after
harvesting the crop, using a ring kit. According to the
methodological procedures presented by [30], the
substrate's following physical parameters were de-
termined: bulk density (g.cm?), porosity, instantane-
ous soil moisture and instantaneous air content (%).
Soil samples for agrochemical analysis were col-
lected from the entire soil profile using a soil auger.
The following analytical methods were used to ana-
lyse individual parameters: N-NH4+ colourimetri-
cally using Nessler's agent, N-NO3- colourimetri-
cally using phenol 2,4-disulfonic acid. Inorganic ni-
trogen (Nan) was calculated as the sum of N-NH4" +
N-NOj; (Nan = N-NH4" + NOs"). The contents of ac-
cessible P, K, and Ca were determined after substrate
extraction in Mehlich III solution, with P detected
colourimetrically, K on a flame spectrometer, and Ca
spectrophotometri-cally [31], sulphur spectrophoto-
metrically; Cox spectrophotometrically after oxida-
tion [32], and pH potentiometrically [33]. Total sorp-
tion capacity T=H+S; H - hydrolytic acidity was de-
termined titrationally with 0.1 M NaOH [33] and
sum of exchangeable base cations (S) - titrationally
in 0.1 M HCI according to the methodology of [34].
The electrical conductivity value was determined us-
ing a conductivity meter.

Statistical processing. The results obtained
were statistically processed by single and multivari-
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ate analysis of variance methods. The differences be-
tween the variants were assessed using the LSD test
at a 0.05 level of significance. Statistical processing
of single and multifactorial analysis of variance was
performed using Statgraphic ver. 5.1. Soil properties
were assessed by the method of principal component
analysis in Statistica ver. 10.

RESULTS AND DISCUSSION

Effect of variants on agrochemical proper-
ties of substrates. The application of vermicompost
resulted in an increase in the available forms of phos-
phorus, potassium and sulphur in the substrates (Ta-
ble 3), which correlates with the findings of [6] and
[35]. We did not find a statistically significant effect
of addition of 10% vermicompost on available cal-
cium and sulphur contents. The overall higher nutri-
ent availability is related to decomposition of or-
ganic matter, reduction in its volume and mineralisa-
tion of nutrients [36]. The joint action of earthworms
and microorganisms in the vermicomposting pro-
cess, especially the genus Glomeromycota, can re-
lease protons to mobilise insoluble soil phosphate
[37] and phosphatase enzymes. This leads to the sol-
ubilisation of organically phosphorus to its accessi-
ble forms [6].

In our study, we used vermicompost with alka-
line pH, which also had an effect on the change in
pH at the end of the growing season (Table 3). In the
process for decomposition of organic matter, the in-
crease in pH value can be caused by alkaline hu-
mates [17], precipitation of calcium carbonate [38]
and formation and accumulation of ammonia (NH3)
[39]. Naturally, as the substrate's calcium content in-
creases, the soil's pH also increases. Increased pH
also had a direct effect on increasing the electrical
conductivity value, which correlates with the find-
ings of [38].

The highest CEC and EC values were signifi-
cantly increased in the soil with the highest ver-
micompost ratio of 20% (Table 3), which correlates
with the findings [16]. CEC values are commonly
used as an indicator of compost maturity and nutrient
retention capacity [38]. Organic fertilisers increase
the electrical conductivity in the soil due to higher
stability of vermicompost particles [8] by the for-
mation of salts, ammonium and inorganic ions that
occur in the degradation process of raw materials [6].
Electrical conductivity was shown to increase with
increasing soil water content, which correlates with
the findings of [40]. Plants take nutrients from the
soil solution and therefore, any substance that in-
creases the soil's water retention capacity helps to
take nutrients from the soil [41].
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TABLE 3
Influence of factors on agrochemical parameters of soil substrates
pH P K Ca S CEC EC
Factor mg.kg! mmol.kg! us

0% 6.71* 8.5% 171.6* 6,725.0° 2.5° 495.7° 168.7%

(0.20) 1.7 (7.0) (64.5) 0.4) (8.4) 3.D
Vermi- 10% 7.02° 158.1° 652.8° 6,512.5% 10.6* 505.5° 232.0°
compost (0.02) (29.9) (44.4) (275.0) 3.8) 3.8) 4.1
20% 7.07° 367.5¢ 1,460.9¢ 6,350.0° 32.5° 507.5° 303.2¢

(0.04) 24.7) (96.1) 177.9) (10.3) 54 54

LSDo.os 0.15 27.6 64.8 230.0 8.8 4.068 4.73
without 6.86% 164.4* 719.8* 6,408.3* 12.0* 507.8° 237.5°

Lumbri (0.25)  (156.5) (549.0) (249.8) (10.9) (4.6) (61.8)
umoricus b b b b a a a
torrestris with 7.00 191.7 803.7 6,650.0 18.4 497.9 231.8
(0.11)  (167.3) (616.6) (161.2) 17.7) (7.2) (58.6)

LSDy.o5 0.12 22.6 52.9 187.8 7.2 3.3 3.87

CEC - Cation exchange capacity, EC — electrical conductivity. Different letters describe statistically significant differences
between treatments, p <0.05. Standards deviations are in the parenthesis.

In our experiment, earthworms significantly in-
creased the available nutrient content more in the
vermicompost treatments than in the control. Earth-
worms increased the K content in unfertilised variant
by 0.7%, calcium by 0.7% and sulphur by 21%,
while they increased K, Ca and S contents by 12%,
4% and 60%, respectively, in the highest vermicom-
post treatments (Table 4). This was probably due to
the low food supply for earthworms in the unferti-
lised variant [21] and the increased burial of organic
matter in their burrows in the variants with ver-
micompost addition [28]. The increase in the content
of accessible forms of nutrients by earthworms is
also due to microbial communities inside the earth-
worm gut.

These decompose organic matter inside the
earthworm gut by hydrolysis [38]. Earthworms,
through their excretions, supply the soil with bacte-
rial species found only in their guts [42] and promote
the mineralisation of organic matter [38]. Through
their activity, they alter the soil's biological activity,

providing nitrogenous leachates, enzymes, slime and
body fluids, thereby increasing the soil's available ni-
trogen and phosphorus content [39].

Earthworms were shown to increase soil pH in
the control without vermicompost and with content
of vermicompost 20%. Earthworms release accepta-
ble potassium from silicate minerals [43] and in-
crease the Ca?* and Mg?" content thereby displacing
other cations from the soil colloidal complex, which
may affect the change in soil pH [22]. [44] reports
that epidermal mucus produced by earthworms on
their body surface may also cause pH change.

Earthworms can increase soluble salts because
they increase the number of soluble cations and ani-
ons in their excretions [38]. In our experiment was
observed a negative effect on electrical conductivity
in substrates (Table 3). The decrease in electrical
conductivity by earthworms was caused by increased
substrate permeability due to the formation of worm
tracks by earthworms and subsequent loss

TABLE 4
Influence of variants on agrochemical parameters of soil substrates
Variant pH P K Ca S CEC EC
substrate  earthworms mg.kg! mmol.kg"! us
0 6.54% 7.0° 165.7% 6,700° 2.32 502.8° 169.5%
soil (0.01) 0.0) 2.1 (70.7) 0.0) 3.6) 4.0)
12 6.58° 10.0* 177.5% 6,750° 2.8 488.7° 167.9%
(0.04) (0.0) (1.8) (70.7) 0.4) 0.1) 3.D
0 7.01° 133.8° 614.5° 6,300° 8.82 508.6° 235.5¢
soil + 10% (0.03) (1.8) 4.7 (212.1) 54 (1.1 0.7
vC 12 7.02¢ 182.5¢ 691.1°¢ 6,725% 12.52 502.3° 228.5°
(0.00) 17.7) (1.7) (35.3) (0.0) (1.9) 0.7)
0 7.04¢ 352,54 1,379.3¢ 6,225° 25.0° 512.1¢ 307.45¢
soil +20% (0.03) 17.7) (30.7) (35.5) (3.5) (1.0) (3.6)
VC 12 7.114 382.5¢ 1,542.5¢ 6,475% 40.0° 502.8° 298.85¢
(0.02) (24.7) (11.6) (176.8) (8.8) 0.1) 0.2)
LSDy .5 0.06 35.2 33.3 297.6 10.9 4.3 6.4

CEC — Cation exchange capacity, EC — electrical conductivity. Different letters describe statistically significant differences
between treatments, p <0.05. Standards deviations are in the parenthesis.
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of leachate, which may contain inorganic ions [42].
Earthworm application also caused a statistically de-
monstrable reduction in CEC in each fertilisation
variant (Table 4), which correlates with the findings
of [23].

Effect of variants on a substrate's physical
properties. The use of vermicompost decreased
bulk density and increased porosity, instantaneous
moisture content and instantaneous air content, how-
ever, statistical significance was observed between
the variants without vermicompost and with 20%
vermicompost content. The 10% VC volume showed
no statistically significant difference between the
variant without fertilisation but also with higher ver-
micompost content, except for porosity (Table 5).
The bulk density decreased with increasing ver-
micompost content, which correlates with the find-
ings of [45]. [46] indicated that vermicompost in-
crease water retention capacity more significantly
than conventional compost, thereby improving the
efficiency of water and nutrient use by plants. The
substrate's increased water content is also due to the
higher organic matter content, which contains mi-
cropores [25]. Increased porosity may be due to ag-
gregation of soil particles by the action of microor-
ganisms in the vermicompost, producing polysac-
charides that help to aggregate soil particles [16]. In-
creased porosity is also influenced by the pore size
range, with an increase in the number of pores in the
size range of 30-50 pm and 50-500 pm, while de-
creasing the number of pores that are larger than 500
pm [47].

Earthworms had no statistically significant ef-
fect on a substrate's physical parameters. There was
a slight decrease in bulk density of soils, and an in-
crease in porosity, moisture content of substrates and
instantaneous air content. However, statistical sig-
nificance was not demonstrated among the studied
parameters (Table 5).

The results show different behaviour by earth-
worms in substrates with pure soil (var. S) and with
addition vermicompost on a substrate's physical pa-
rameters (var. S+VCI10 and S+VC20) (Table 6).

Fresenius Environmental Bulletin

Earthworm activity in the variant without vermicom-
post reduced the bulk density and instantaneous
moisture content of the substrates. Organic fertiliser
in combination with earthworms caused a slight in-
crease in bulk density and instantaneous moisture
content, but a decrease in the substrate's porosity and
instantaneous air content (Table 6). The slight de-
crease in porosity in the variants with the addition of
vermicompost may be due to earthworm movement
[24].

Earthworms increased the substrate's total po-
rosity without vermicompost. Earthworms create
burrows by ingesting and removing soil mainly in
compacted soils, with drier soils allowing them to
create longer burrows with higher macropore con-
tents that do not bind water [48], but these pores are
important in gas exchange [49].

The slime produced by earthworms also has a
great influence on the soil's hydrophysical and agro-
chemical properties. Slime facilitates their move-
ment in the soil and protects them from being envel-
oped by soil particles [29], while attaching to bur-
rows of earthworms [49]. The earthworm has been
shown to develop a system of permanent tunnels,
with a layer of slime sticking to the burrow walls at
each passage [50]. These slime-lined corridors con-
tribute to increased water infiltration from the soil
and preferential waterflow to deeper parts of the soil
[51] as water preferentially flows through the large
openings created by earthworms [25].

The increased soil moisture and reduced air
content in the organic fertiliser treatments may be
explained by the higher water retention capacity of
earthworm slime, which also creates suitable terms
for microorganisms [52]. Consumption and the mix-
ing of organic matter by earthworms in variants with
vermicompost lead to the formation of more hydro-
philic coatings on inorganic soil components [25].
Different earthworm species have different behav-
iour on soil physical parameters. The activity of the
earthworm M. posthuma can lead to a reduction in
porosity because it produces low-stability water-re-
sistant exudate [21]. The P. corethrurus species pro-
duces exudates that coalesce and clog most pores
near the soil surface [53].

TABLE 5
Influence of factors on physic parameters of soil substrates

Bulk density Porosity Moisture  Volume of the air
Factor 3 Py
(g.cm’) Yo
0% 1.60° (0.14) 50.6* (3.7) 35.8%(5.0) 14.8*(8.7)
Vermi-com- 10% 1.56 (0.4) 53.5%(1.0) 38.7*(2.8) 14.8*(3.4)
post 20% 1.40° (0.6) 59.3°(1.6) 38.22(7.0) 21.1*(6.4)
LSDo.os 0.15 3.88 9.08 11.2
. 0ks 1.54*(0.16) 53.7*(5.6) 37.1*(5.3) 16.6* (8.7)
I‘tz:”rg’;fl’f 12 ks 1.50° (0.07) 5520(3.0)  38.0°(5.0) 17.2% (4.6)
LSDo.os 0.13 3.17 7.4 9.18

Different letters describe statistically significant differences between treatments, p <0.05. Standards deviations are in the pa-

renthesis.
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TABLE 6
Influence of variants on physic parameters of soil substrates

Fresenius Environmental Bulletin

Variant Bulk density Porosity Moisture Volun;;erof the
substrate Earthworms (g.cm®) %
Soil 0 1.72¢(0.03) 47.50% (0.4) 39.68%(2.1) 7.82%(2.5)
12 1.49% (0.08) 53.76" (1.4) 31.87*(3.1) 21.87% (4.6)
Soil + 10% 0 1.54% (0.05) 53.95% (0.6) 37.05% (3.4) 16.90%° (4.0)
VC 12 1.58¢(0.02) 53.00° (1.4) 40.40% (1.0) 12.612(0.4)
Soil +20% 0 1.36 (0.04) 59.72¢(2.4) 34.612(10.0) 25.11¢(7.6)
VC 12 1.45% (0.01) 58.85¢(0.7) 41.712(0.5) 17.14%¢ (0.2)
LSDg.05 0.11 33 11.3 10.1

Different letters describe statistically significant differences between treatments, p <0.05. Standards deviations are in the pa-
renthesis.
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FIGURE 1

Principal components analysis (PCA) of soil chemical and physical proporties after ona year application
of mineral (control) and vermicompost (VC) fertilizer with (EW) or without Lumbricus terrestris.
a) Eigenvalue diagram; b) Projection of variables into the F1-F2 plane. Variables are: pH, available P, K, Ca and S, CEC —

Cation exchange capacity, EC — electrical conductivity, soil density, porosity, moisture and volume of air; c¢) Projection of
variants into the F1-F2 plane; d) table of faktors variables
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Factor 2 includes 21.61% of all variability, and
thus the graph shows 90.33% of all data used. The
S+VC20+EW variant is characterised by high con-
tent of sulphur, potassium, phosphorus and EC.

The results of the principal component analysis
of soil properties at the end of vegetation in the sub-
strates are shown in Figure 1 (detailed values are
given in Tables 4 and 6). There are 2 factors that
have a value greater than 1. Factor one, which in-
cludes 68.72% of all variability, divided the variants
based on vermicompost content. Factor 1 did not in-
clude instantaneous moisture content data. Clean soil
was characterised by higher calcium content and
higher bulk density.

Effect of variants on aboveground biomass.
Figure 2 shows the evolution of aboveground bio-
mass during the growing season. There was a posi-
tive effect of vermicompost application on both fresh
and dried biomass at each sampling date. The posi-
tive effect of vermicompost on total fresh and dry
aboveground biomass was demonstrated in different
crops such as: maize [8], tomatoes [10], basil [11],
strawberries [12], onion [35] or buckwheat [41]. The
increase in biomass is mainly related to the availa-
bility of essential nutrients for their sufficient uptake
and plant development [8]. [54] reported that the
growth of main roots and the promotion of secondary
root formation in maize are enhanced by plant
growth hormones in vermicompost, especially aux-
ins [10], but also cytokinins and gibberellins [39].
Not all current studies report a positive impact of

7th June 2021
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) I ﬂ I
a a
P |
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200
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Control 10% Vc 20% Vc

W without earthworms O with earthworms

vermicompost. [9] planted two species of ornamen-
tal flowers in a greenhouse and found that at content
of vermicompost 25% in the substrate, reduced total
plant biomass, total number of flowers and their
weight, and mortality of individuals was also rec-
orded. They motivated this negative phenomenon by
high level of toxic ions, high salinity and change in
physical properties of substrates caused by addition
of vermicompost. They also add that individual plant
species may differ in their tolerance to high soil sa-
linity.

In the first sampling, the variants without earth-
worms had a higher weight of both fresh and dried
biomass, but in the next two samplings we see a pos-
itive effect of earthworms on aboveground biomass.
(Figure 2), which correlates with the findings of [28].
Earthworm excretions become coated with slime,
producing more water-resistant aggregates than are
found in the surrounding soil [29]. These aggregates
cause better aeration, water retention and better aer-
obic conditions in the soil, which is of great im-
portance for proper root development and nutrient
availability to plants [16]. The increase in total bio-
mass by earthworms is due to the improvement in N
mineralisation and improvement in photosynthesis
of plants, through the increase in RUBISCO enzyme
and synthesis of ATP [23].

Organic fertilisers can replace up to 50% of the
fertiliser dose from industrial fertilisers, while the
combination with mineral fertilisers is cost-effective
and maintains soil health and ensures better plant
growth [35].
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FIGURE 2
Influence of variants on fresh and dry biomass
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CONCLUSION

Based on the evidence from our experiment, we
conclude that increasing the vermicompost content
in the substrate had a positive effect on the soil's
physicochemical parameters and the development of
the crop grown. There was no effect of 20% ver-
micompost content compared to 10% rate on pH,
CEC, soil bulk density, instantaneous air and water
content of the substrate. The earthworm was found
to be an important representative of soil fauna,
which increased the soil's available P, K, Ca content
by its activity, thereby increasing the crop's total
phytomass. Differences in earthworm behaviour in
clean soil and substrates with addition of vermicom-
post on soil's physical parameters were noted. The
produced earthworm slime has a great role on the
change of soil properties. However, further research
is needed on the importance of earthworms and the
mechanism of the slime's action on the parameters of
soil and crop growth.
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