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Abstract: Organic mulch may provide favourable soil conditions e.g. soil moisture or organic matter content,
which may enhance the number of enchytraeids. However, there is no sufficient information about the relation-
ship between plant-based mulch and this beneficial soil animal group. Therefore, an open-field experiment was
conducted with tomato as a test plant to examine the effect of different types of organic mulch materials on
the natural occurence of enchytraeids. Our study microplots received the following treatments: 1) yard-waste
compost, 2) walnut leaf litter, 3) mixed leaf litter without walnut and 4) wheat straw. Control microplots were
left unmulched. Randomized block design was used with eight replications to the treatments and four to the
control. At the end of the growing season, three soil samples were taken from the root zone of each plant
with a split soil corer, and enchytraeids were extracted by the wet funnel method. Living enchytraeids were
counted under a dissecting microscope, and their density values were estimated. Worms were identified in five
randomly selected samples of each treatment. In addition, soil moisture was determined by oven-drying as
well. Mulch material types had significantly different effects on both Enchytraeid density and soil moisture.
Under walnut leaf litter, mixed leaf litter and straw cover, higher numbers of individuals were found. In the
case of soil moisture content, straw mulching had the highest value, while compost and uncovered surfaces the
lowest. It appears that mulch materials serve as food source and provide favourable conditions for enchytraeid
communities as well.
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Introduction face of the soil. However, the efficacy of
soil cover depends on mulch type and the
casts of soil organisms. According to Addi-
son et al. (2013), mulching may primarily in-
crease the presence of omnivorous species.
Straw and compost mulching may enhance
the number of natural enemies and com-

The use of organic, plant-based materi-
als as surface mulch has several positive
effects: controlling weeds, enhancing root
growing, increasing soil humus content by
the decomposition of materials (Goulet et

al. 2004, Pupalieng et al. 2015, Stefanovits POSt increased the abundance of soil macro-
et al. 1999). Mulching in general, helps invertebrates (Thomson and Hoffman 2007).

to preserve soil moisture and prevents soil /At the same time, fewer arthropod pests were

degradation (Adekalu et al. 2007, Pinamonti found when straw, compost or woodchips
1998). In addition, it can reduce the fluctua- mulch was used, compared to the unmulched
control (Addison et al. 2013). Both leaf litter

and hay mulch enhanced not only the total
number, but the diversity of carabids (Dudds

tion of soil temperature (Pinamonti 1998).

Mulching has an effect not only on soil but
on the fauna living within or on the sur-
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et al. 2016). Arthropods were found more
diverse and abundant under black walnut
leaves (Summers and Lussenhop 1976). Tea
and flower compost enhanced the accumula-
tion of free-living nematodes in mulched soil
(Langat et al. 2008). Compared to the un-
mulched control, alfalfa hay mulch and ver-
micompost increased the density of bacteri-
vore nematodes but decreased the presence
of fungivore, predatory-omnivore and plant-
parasitic nematodes (Forge et al. 2003, Xiao
et al. 2016). Rye straw decreased the num-
ber of root-knot nematodes, Meloidogyne
graminicola on wheat roots (Kandel et al.
2011). However, green and yard-waste com-
posts did not affect plant-parasitic nematodes
(McSorley and Gallaher 1995). Jodaugiené
et al. (2010) found that the density of earth-
worms was higher under straw and grass
mulch, but it was not different when col-
lected from unmulched control plots or from
under peat or sawdust mulch. Black walnut
leaves also decreased earthworm abundance
(MacDaniels and Pinnow 1976).

Enchytraeids are considered to be ecosystem
engineers with ants, earthworms and termites
(Brussaard et al. 2012). Similar to earth-
worms, they are able to provide favourable
conditions for microbial activity (Kasprzak
1982). According to Dominguez and Be-
dano (2016), enchytraeids and earthworms
complement each other: in the rice-growing
system, the drainage period would be more
appropriate for earthworms, while enchy-
traeids would be more efficient during the
very moist or flooded conditions (John et
al. 2019). The role of enchytraeids in agroe-
cosystems is essential: they can influence the
aeration and permeability of soil for roots
by their burrowing activity and they can also
stabilize soil structure by their mucilages
and excrements (Didden 1991). According to
Didden (1991), organic farming, with the ap-
plication of organic manure, cover crops, and
the use of shallow soil work, favour enchy-
traeids.
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Enchytraeids consume, beside other food
sources, bacteria, fungi, mineral particles
and leaf litter (van Vliet and Hendrix 2012)
and choose old and decomposed leaves more
frequently than fresh ones. However, their
food preferences are different among species
(Dézsa-Farkas 1976).

The connection between enchytraeids and
different organic matters is contradictory:
while Ricci et al. (2015) did not observe
any positive change in the abundance of
enchytraeids to the effect of animal ma-
nure and composted sludge, Andrén and
Lagerlof (1983) found that the addition of
sludge and farmyard manure addition en-
hanced their numbers. Beside other soil-
dwelling animals, enchytraeids as well may
respond differently to various organic mat-
ters. The most frequent mulchers are organic
farmers, who apply organic or inorganic
mulch materials on the soil surface. Com-
mon organic mulch materials are compost,
straw and wood chips (Dezsény 2015). Fur-
thermore, a large amount of mulch material
in the form of leaf litter is produced at defoli-
ation in every autumn in Hungary. However,
the use of this valuable organic matter is not
sufficiently prevalent either in agriculture, or
in horticulture. We aimed to examine the ef-
fect of four types of organic mulching ma-
terials (standard yard-waste compost, walnut
leaf litter, mixed leaf litter and wheat straw)
on enchytraeid communities in an open-field
long-term experiment.

Materials and Methods

Open-field experiment

Study plots were established on the Experi-
mental Field of the Department of Integrated
Plant Protection of the Szent Istvdn Uni-
versity (Godolld, Hungary). The experiment
was conducted during the growing season
of 2019 with the Hungarian landrace tomato
‘Dany’ (RCAT057829) as crop plant.
Before our study, a long-term mulching ex-
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periment has been going on between 2016
and 2018 with potato (‘Hopehely’ and ‘Dé-
mon’) with the same mulching treatments
and setup (Fehér et al. 2017, Siidiné Fehér
et al. 2019) in the same place.

The dominant soil type of the plots was
coarse sand. We erected pinewood frames
to separate treatments on the soil surface.
Thus, we had 36 microplots, each measur-
ing 2 m x 2 m on a total area of 144 m?.
In one microplot, four tomato plants were
planted, giving an isolation distance of 1 m
between plants. Microplots received the fol-
lowing treatments: 1) standard yard-waste
compost ("Zold Hid Komposzt’ 04.2/3245-
2/2017 Nébih 2020), 2) walnut (Juglans re-
gia) leaf litter, 3) mixed leaf litter (without
walnut), 4) wheat straw. Control microplots
were left unmulched. Leaf litters were col-
lected in G6doll6 after the fall of leaves in
autumn of 2018. Mixed leaf litter contained
the leaves of Acer spp., Aesculus hippocas-
tanum, Castanea sativa, Corylus avellana,
Platanus x acerifolia, Quercus spp., Salix
spp., Sorbus spp. and Tilia spp. at the ra-
tio of approximately 1:1. Compost material
was provided by Zold Hid B.I.G.G. Non-
profit Kft. (Godolls, Hungary), and straw
was collected by a local farmer of G6doll6
(Jozsef Babarczi). In the case of mulching
treatments, eight replications were used. In
addition, there were four replications for the
unmulched control. Replications were set in
randomized block design (Figure 1). Mulch
materials were spread in a 15 cm-thick layer
on 3 April 2019.

Plots has not received soil work since 2016.
Tomatoes were planted into undisturbed soil
on 28 May, and plots were hand-weeded or
hoed every ten days during the growing sea-
son (Petrikovszki et al. 2020). After collect-
ing soil samples, the experiment was termi-
nated, and plants were removed.

Data collection

Enchytraeids were collected at the end of the
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growing season, 4 October 2019. Three soil
samples were taken from the root zone of
each plant with a split soil corer (diameter
of 5 cm) to 10 cm depth (volume approxi-
mately 200 cm? per sample), mixed and then
a single aliquot with the volume of 200 cm?>
was taken for worm extraction by wet fun-
nel method (O’Connor 1962). Living enchy-
traeid individuals were counted under a dis-
secting microscope (Olympus SZ-60, x 10—
%x20). In five randomly selected samples
of each treatment, worms were identified
in vivo under a light microscope (Euromex
Delphi-X, magnification between x100 —
x400, mostly x200) using the guides of
Schmelz and Collado (2010, 2012).

Juvenile specimens were not appropriate for
identification (except for Buchholzia appen-
diculata (Buchholz, 1862)). Therefore, they
were excluded from species composition
analysis, but were reckoned in total enchy-
traeid density.

To measure soil moisture, further three sam-
ples were taken from each microplot (volume
approximately 100 cm?). From each sample
40-60 g subsamples were taken to determine
soil moisture by oven-drying (105°C for 48
hours).

Air temperature data were collected daily
from the website of the Hungarian Meteo-
rological Service (OMSZ). Precipitation was
measured every day with a rain gauge (Fig-
ure 2).

Data analysis

The effects of the different mulch types on
soil moisture and enchytraeids were investi-
gated using linear mixed-effects models with
Gaussian error structure (Faraway 2006). In
the models, mulching treatment (four levels
+ control) was used as fixed factor, while
plant individuals were treated as random
term. Goodness-of-fit values of the models
were measured by likelihood-ratio test-based
coefficient of determination (RzLR; Barton
2020), the explanatory power of the treat-
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Figure 1. Arrangement of mulch treatments.
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Figure 2. Average daily temperature, precipitation, and accumulative precipitation amount

in the growing season of 2019.

ments was evaluated F-statistics (Faraway
2006). The differences between the treatment
levels were tested using Tukey-type multiple
comparisons procedure (using p < 0.05 sig-
nificance level) for all of the pairwise com-
parisons by general linear hypothesis tests
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(Hothorn et al. 2008).

The effects of the treatments on species com-
position was explored by non-metric multidi-
mensional scaling (NMDS) using Euclidean
distance function and square root transfor-
mation of the abundance data (Borcard et al.
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2011). Moreover, permutational multivariate
analysis of variance (PERMANOVA; Ander-
son 2001) based on Bray-Curtis dissimilarity
with 9999 permutations was applied to mea-
sure the separation between the treatment
types. The relationship between enchytraeids
density and soil moisture levels was tested by
Pearson product-moment correlation coeffi-
cient.

All analyses were made in R version 3.4.1 (R
core Team 2017). The GLMM of abundances
was made by the "Ime" function of "nlme"
package (Pinheiro et al. 2017). The likeli-
hood test based coefficient of determination
was calculated by "r.squaredGLMM" func-
tion of "MuMIn" package (Barton 2016).
Multiple comparisons of linear hypothe-
sis test were made by "glht" function of
"multcomp"” package (Hothorn et al. 2008).
NMDS were made by "metaMDS" function,
PERMANOVA by the "adonis" function of
"vegan" package (Oksanen et al. 2017).

Results

The total number of specimens, 236, be-
longed to six genera, 13 species:

Achaeta eiseni Vejdovsky, 1878

Achaeta pannonica Graefe, 1989
Buchholzia appendiculata Buchholz, 1862
Enchytraeus buchholzi s.1. Vejdovsky, 1879
Enchytraeus varithecatus Bouguenec & Gi-
ani, 1987

Enchytronia parva Nielsen & Christensen,
1959

Fridericia bisetosa Levinsen, 1884
Fridericia connata Bretscher, 1902
Fridericia galba Hoffmeister, 1843
Fridericia hegemon Vejdovsky, 1878
Fridericia nemoralis Nurminen, 1970
Fridericia paroniana Issel, 1904

Marionina communis Nielsen & Chris-
tensen, 1959

The most frequent species was E. buchholzi,
which was found in all treatments with a
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relative abundance of 4.5-27.3%. The sec-
ond dominant species was B. appendiculata
with 14.7-37.1% relative abundance; how-
ever, this species occurred only in walnut leaf
litter, mixed leaf litter and straw microplots.
F. paroniana had the highest abundance in
walnut leaf litter samples (19.7%) and the
third highest in total (10.5%), but in other
samples, this species was subdominant. Only
two specimens of E. varithecatus was found
and only in straw-covered samples.

Walnut litter microplots contained 30.5%
of the total number of mature specimens,
straw-covered microplots 30%, mixed litter
17.5%, and compost mulch and uncovered
microplots both 11-11%. The highest density
was 19 400 individuals/m? (mixed leaf lit-
ter), while there were three samples (in com-
post and control microplots) with no speci-
mens (Table 1).

According to our models, mulch types had
significant effects on density (R%x = 0.25,
F467) = 5.88,p = 0.0004). Under walnut
leaf litter, mixed leaf litter and straw cover,
higher number of individuals was found than
in the case of compost and uncovered mi-
croplots (Figure 3).

There was a significant separation among
the treatments based on the performed PER-
MANOVA (R? =0.28, F=1.96, p = 0.0046).
The NMDS (stress = 0.134) revealed that the
microplots of compost and uncovered had
homogenous and slightly separated groups,
while the treatments of walnut leaf litter,
mixed leaf litter and straw were more hetero-
geneous as it is observable on the ordination
diagram (Figure 4).

A strong treatment effect was observed on
the soil moisture (R*r = 0.68, Fyq7) =
37.97,p < 0.0001). Straw mulching had the
highest soil moisture, in walnut and mixed
leaf litter, soil water content was intermedi-
ate, while compost and uncovered surface in-
duced the driest soil conditions (Figure 5).

Density and soil moisture were significantly
correlated according to the Pearson correla-
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Table 1. Density and soil moisture (mean + SD) values in different treatments

density (individual/m?)  soil moisture (m/m%)

Treatment mean + SD mean + SD
compost 2710 £ 2150 3.33 £0.85
walnut leaf litter 6380 + 3980 3.56 +0.70
mixed leaf litter 6480 + 5290 2.55 +0.82
straw 7780 + 3390 4.56 +1.08
uncovered (control) 2110 + 2160 2.52 +0.75
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Figure 3. Boxplot of the enchytraeid density under different mulch types. Different letters
indicate significant difference between means (p < 0.05).

tion analysis (r = 0.38, p-value = 0.0009).
In general, the density of enchytraeids in-
creased by the higher values of soil mois-
ture values of different treatments (Figure
6). However, 6480 individuals were counted
at 2.55% soil moisture content under mixed
leaf litter (Table 1).

Discussion
The enchytraeid density of microplots was

found in fair accordance with soil mois-
ture. The highest numbers of enchytraeids
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and the highest soil moisture were also ob-
served under straw mulch. Since mycelial
web in these microplots were observed and
according to studies, enchytraeid communi-
ties contain 80% microbivorous and 20%
saprovorous feeders (Didden 1993), so not
only soil moisture but mycelia as a food
source can increase their number under straw
mulching. Walnut- and mixed leaf litter-
covered plots also had a significantly humid
soil compared to control. Leaf litter also is
considered to provide nutrients for enchy-
traeids, and the larger body size Fridericia
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Figure 4. Non-metric multidimensional scaling ordination of the different mulch types based
on the density of enchytraeid species. The compositional difference between treatments ex-
pressed as the results of the PERMANOVA (R? — coefficient of determination, F and p
values) are portrayed on the panel.
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Figure 5. Boxplot of soil moisture under different mulch types. Different letters indicate
significant difference between means (p < 0.05).

species (e.g. F. hegemon, F. galba) prefer to Farkas 1976), which can be an explanation
consume this kind of organic matter (Dézsa- for their high density.
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Figure 6. Correlation test (Pearson) between soil moisture and the density of enchytraeids

in the soil samples.

The lowest number of enchytraeids was
found in the control (uncovered) and
compost-covered microplots. These treat-
ments also had the lowest soil moisture con-
tent. Generally, compost is a drier mulch type
than litter or straw. Furthermore, its black
colour promotes a more intense and quicker
warm-up. Our findings are in accordance
with the study of Dézsa-Farkas (1977), who
established that individuals of Fridericia
galba perish more rapidly on higher temper-
atures correlated to lower soil moisture con-
tent than on lower temperatures.

Our soil moisture values under different
mulch materials were quite low (between
2.52% and 4.56%), which is considered a
very dry soil condition. Among soil organ-
isms, enchytraeids are sensitive to desicca-
tion (Didden 1993). However, Maraldo and
Holmstrup (2009) examined the effect of dif-
ferent drought events on enchytraeid pop-
ulations. One of their treatments, artificial
drought with only 5% soil water content
was achieved on sandy soil, a condition,
which was similar to our open-field condi-
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tions before sampling. While they did not
find any Enchytraeid individual in May and
June, however, between August and October,
enchytraeid densities were higher than 10000
individuals per m? in each month. They con-
cluded that not only the moisture conditions
at the time of sampling, but also moisture
conditions in the past could have influenced
the population of enchytraeids (Maraldo and
Holmstrup 2009). This can explain the rela-
tively high densities we found in dry condi-
tions, since only 50 mm precipitation fell be-
tween 7 and 9 September, one month before
sampling.

Besides mulching, avoidance of disturbance
can also increase the number of enchy-
traeids. The abundance and biodiversity of
soil macrofauna, in general, were signifi-
cantly higher under no-till with mulch sys-
tem than under conventional tillage (Bré-
vault et al. 2007), while enchytraeid den-
sities and biomass in the no-till system
were significantly higher under no-till con-
ditions (Parmelee et al. 1990, Fijuta and Fu-
jiyama 2000). In general, mulch keeps the
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soil cooler and moist, which is an advan-
tage not only for plants but for soil fauna
as well. Mulch materials also contain nutri-
ents for soil fauna, and consequently, enchy-
traeid communities prefer mulch-covered
soil. Their presence has several beneficial ef-
fects on soil properties including structure,
porosity, or organic matter content. Due to
these coherent effects, mulching is beneficial
in agricultural and horticultural production
as well.
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