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Abstract: The aim of the study was to assess the impact of several methods of mulching degraded forest
soil with wood chips on the development of mite (Acari) community, with particular emphasis to oribatid
mites (Oribatida), and on the growth of young plantings of Scots pine (Pinus sylvestris L.). Mulching with
wood chips should contribute to revitalize soil fauna and restore natural forests on degraded soils.
Scots pine seedlings were planted at the post-military training ground. Four experimental treatments
were tested: control—uncovered soil (C), mulching with wood chips (W), W + mycorrhiza preparation
(WM), and W + forest litter (WL). At the end of the growing season in 2012, 2013 and 2014, the following
plant measurements were carried out: length of annual increment of the main stem, stem base
diameter, number and lengths of lateral shoots in the annual whorl. The mite calculations included
average mite density, dominance index, species richness, oribatid mite diversity, average number of
species, and Shannon general species diversity index. The use of mulching with wood chips did not
significantly affect the growth characteristics of Scots pine plants, but strongly increased the mite
community. After mulching, the total number and species diversity of Acari increased many times,
and Oribatida began to dominate among micro-arthropods. The number of Oribatida increased most
in W. The largest species diversity was observed in WL. 24 species of Oribatida were found that
were used as the bio-indicators of soil succession changes. Tectocepheus velatus clearly dominated in
all mulching treatments. Oppiella nova and Scutovertex sculptus were also numerous populations of
Oribatida. The study shows that mulching with Scots pine wood chips, especially with the addition
of forest litter, significantly enriches soil fauna and is therefore useful in the regeneration process of
degenerated forest soils.

Keywords: Acari; forest litter; mite; mulching; mycorrhiza preparation; oribatid mite; Oribatida;
Pinus sylvestris L.

1. Introduction

According to the data of the Central Statistical Office [1], devastated and degraded land in Poland
requiring reclamation and development occupies approximately 64 thousand hectares. There are many
reasons for the devastation and degradation of land in Poland, mainly industrial or military activities.
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The size of this area has changed only slightly in recent years. Since 2005, only an area of between 1222
and 1861 hectares per year has been reclaimed, of which only 581 to 1132 hectares have been restored
to plantations.

The best way to revitalize degraded areas is to restore the forest biocenosis, which is the most
natural and biodiverse land biocenosis in our climate zone [2]. Nowadays, in Poland, as a result
of the implementation of the reforestation program for rural areas, forest resources are constantly
growing. These areas usually have poor soil, so they are most often reforested by Scots pine, which is
currently the dominant forest-forming species, covering in 2017 as much as 58.2% of the forest area
in our country [3]. Scots pine can grow in a wide range of environmental condition and tolerates
even poor soils: “sandy, loamy, and soil containing shale and granite”. It also occurs in peat bogs,
can grow on soils with a pH of 4 to 7, and in addition, it is resistant to frost and dries well. In the past,
planting Scots pine in the climate zone in which Poland is located was not scientifically justified [2].
Today, due to the dynamically changing climatic conditions, it is recommended to plant Scots pine in
our country [3]. According to one of the possible emission scenarios described at the end of the 21st
century, the global temperature will increase by about 4 °C. In Poland, as expected, the temperature will
rise in the range of from 2 to 4 °C, during when no increase in precipitation is expected [4]. An increase
in air temperature without changing the amount of precipitation can lead to excessive drying of the soil,
which will cause additional difficulties in the revitalization process and reforestation of degraded land.

Degraded soils are usually devoid of a humus layer, which protects the soil from drying out and
creates a favorable environment for the development of soil microflora and microfauna. The lack of an
organic matter layer on the soil surface also delays the process of natural succession and has a negative
impact, mainly in the warm and dry summer months, on the population of soil mesofauna, such as
mites (Acari) [5]. Most mites are sarcophagi, for example, oribatid mites (Oribatida), but some mites
are parasites (mainly ectoparasites) or predators. Sarcophagi mites participate in the decomposition of
organic matter, which in turn affects plant growth. The forest soil is inhabited by a large number of
mites, especially the oribatid mites, which constitute from about 60% to 90% of all Acari. Oribatid mites,
by crushing organic matter, support bacteria and fungi in releasing nutrients necessary for plant
growth [6].

As the indicators of soil biological activity, enzymatic and respiratory activity, microbial biomass,
species diversity and abundance of microorganisms are most often proposed [7,8]. Only sporadically,
when determining the biological state of soils, the species diversity and abundance of fauna are
considered, although it is the part of the edaphon, which, especially in forest soils, performs very
important functions for the entire ecosystem. Oribatid mites are considered by many authors to be
good bio-indicators of the state of the environment [6,9-13]. Many research results indicate that oribatid
mites can be vectors or stimulators of the development of many microorganisms, including fungi,
which form mycorrhiza systems, so desirable in the environment [14-19]. To compare the stability
(balance) of ecosystems, acarologists often use the abundance ratio of two orders of mites: Oribatida to
Actinedida (Or/Ac) [6]. According to Werner and Dindal [20] the Oribatida to Actinedida ratio below
1.0 is recorded on arable land, while above 1.0 is typical for more stable ecosystems, e.g., semi-natural
meadows and forests, i.e., on soils with a significant share of organic matter.

The growth and development of tree seedlings can be significantly influenced by ectomycorrhizal
fungi, which play an important role in biogeochemical cycles and are involved in the nutrition of
host plants. The disappearance of ectomycorrhiza fungi is associated with mechanical soil cultivation,
excessive fertilization and alkalization of the soil, and the use of pesticides. Areas degraded by military
activities may also be deprived of ectomycorrhiza inoculum. Therefore, the enrichment of degraded
soils with edaphon from forest soil seems to be a good solution [21-24].

A number of studies confirm the usefulness of wood chips, especially Scots pine wood chips,
as mulching material, which creates good conditions for the development of soil mesofauna. In the
first stage of seedling growth (forest succession), mulching with wood chips can replace the layer of
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forest litter, which naturally occurs on the forest soil of renovated forests after cutting down the mature
trees [25-28].

The phenomenon of increasing the number of oribatid mites by adding organic matter to degraded
soil, as well as the beneficial effect of soil mites on the development of plants, especially trees, is well
known. The purpose of current research was to determine the most effective mulching method to
revitalize soil fauna and restore natural forests in a degraded forest area. Our research hypothesis
assumed that the use of mulch with wood chips with the addition of mycorrhiza preparation or forest
litter will increase the biological activity of soil and improve the growth of young Scots pine trees.
To verify the assumed research hypothesis, the following specific objectives were formulated: (1) the
use of different modifications of Scots pine wood chips as a substitute for the humus layer will affect
the development of indicators of soil biological activity, such as mites (Acari), but especially oribatid
mites (Oribatida); (2) the use of different methods of mulching with Scots pine wood chips will affect
the selected growth parameters of Scots pine plants.

2. Materials and Methods

2.1. Description of Experiment

The research was carried out at the post-military training ground in Bydgoszcz-Jachcice, which is
currently managed by the Zotedowo Forest District (Forestry Jagodowo, branch 222¢, GPS: 53.156943 N,
17.986440 E). Before renewal, the area was a former agricultural field with a rare and degraded stand
of Scots pine, which burned down in 2010. According to the Tree Stand Data Sheet of the Zotedowo
Forest District, the soil on this area was of the type of rusty soils and a subtype of rusty algae
soils. Before planting, the soil surface was cultivated with a double-layer forest plow. For planting,
two-years-old Scots pine (Pinus sylvestris L.) seedlings with a covered root system, from the Bielawa
container nursery (Forest District Dobrzejewice), were used. Scots pine seedlings were planted in
spring 2011. After reforestation, this habitat was classified as “fresh boron”, dominated by Scots pine
with the addition of 10% silver birch (Betula pendula Roth).

The factor investigated in the experiment was soil mulching using Scots pine wood chips,
applied in the following treatments: (1) uncovered soil (without mulching, but covered with moss
and individual clumps of grass, mainly Corynephorus canescens L.) as a control (C), (2) soil mulched
with wood chips (W), (3) soil mulched with wood chips with the addition of mycorrhiza preparation
(WM), (4) soil mulched with wood chips with the addition of forest litter (WL). Three replicates of
the microplots arrangement were applied. There were four micropots in each replicate (one for each
treatment). Each microplot was 5 m long and covered three rows of Scots pine plants. The distance
between the rows was 1.5 m, and between the plants in a row of 0.8 m. One microplot contained
18 plants (six in each row); eventually, 56 plants were evaluated in all three replicates for each treatment.
Mulching with wood chips was carried out on 12 April 2012. Wood chips were prepared from scrub
Scots pine trees cut at the post-military training ground. The wood was shredded with a BRUKS 805
disk-chipper. The wood chips were thin squares with a side length of 5 mm and a thickness of 1 mm.
On 25 October 2012, wood chips on WM microplots were inoculated with mycorrhiza biopreparation
(2.5% biopreparation with the mycelium of Hebeloma crustuliniforme (Bull.) Quél.). At the same time,
a 10% addition of fresh forest litter from mature fresh coniferous forest in the Biale Btota Forestry was
applied on WL microplots.

2.2. Scots Pine Growth Measurement

At the end of 2012, 2013 and 2014, after the end of the growing season, a number of developmental
characteristics of young Scots pine trees were measured. The measurement was carried out: length of
annual increment of the main stem (cm), stem base diameter (mm), number (pcs) and sum of the
lengths (cm) of lateral shoots in the annual whorl.
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2.3. Acarological Research

Samples for acarological tests were taken four times: 25 June 2013, 15 October 2013, 3 June 2014
and 21 October 2014. From each experiment treatment, at each sampling-time, 10 samples of substrate
were collected (three or four samples from each microplot). In total, 40 samples with a volume of
50 cm? each were taken from each treatment. Mite extraction was carried out for 7 days using Tullgren
funnels. Then, the mites were preserved in 70% ethyl alcohol. All mites have been identified by order
and oribatid mites by species or genus. Adults and juveniles were counted together. In total, 6499 mites
(Acari) were identified, including 5104 oribatid mites (Oribatida).

The average density (N) of the mites was measured in 50 cm? of substrate. The domination index
(D) was estimated in %. Species richness and diversity of oribatid mites was determined on the basis
of the number of species (S). The average number of species in the sample (s) and the Shannon general
species diversity index (H) were also calculated.

2.4. Statistical Analysis

Before statistical analysis, the measurement results were subjected to logarithmic transformation
—In (x + 1) according to Berthet and Gerard [29]. Statistical analysis was performed using the Statistica
13.3 software package. The Kolmogorov-Smirnov test was used to assess the compliance of the
distribution of measurable parameters with the normal distribution. However, due to the lack of
normal distribution a non-parametric analysis of variance (Kruskal-Wallis H test) was performed.
For statistically significant differences (p < 0.05), an analysis was performed for each pair (Mann-Whitney
U test) to select the significantly different means. The growth characteristics of Scots pine as well as
mite calculations are presented as the average of three years of research.

3. Results

3.1. Scots Pine Growth Characteristics

The use of mulching treatments did not significantly affect most the growth characteristics of
Scots pine plants in the first three years after planting (Table 1). There were no significant differences in
the average length of annual increment of the main stem between the studied treatments. The average
value of this feature was 17.1 cm. The lowest length of annual increment of the main stem (14.0 cm)
was noted on soil mulched with wood chips with the addition of forest litter and the highest (18.7 cm)
on soil mulched only with wood chips. The average stem base diameter of Scots pine was the only
studied growth feature in which statistical differences were found. The average stem base diameter
on plots mulched with wood chips (13.6 mm) was much lower than on control plots (17.4 mm).
However, there were no important differences in stem base diameter between control and other
mulching treatments. Both the number and the sum of the lengths of lateral shoots in the annual
whorl did not differ significantly between the tested treatments. The highest values of observed traits
were recorded in the case of control plants (6.2 pcs and 124.1 cm, respectively), while the lowest were
recorded on plots mulched with wood chips with the addition of forest litter (4.8 pcs and 95.4 cm,
respectively) and on plots mulched only with wood chips (95.4 cm). The average sum of the lengths of
lateral shoots in the annual whorl was 5.6 pcs and 107.7 cm, respectively.
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Table 1. Growth characteristics of young Scots pine trees (presented as the average of three years

of research).
Length of Annual Stem Base Number of Lateral Sum of Lengths of
Treatment  Increment of the Diameter (mm) Shoots in the Annual  Lateral Shoots in the
Main Stem (cm) Whorl (pcs) Annual Whorl (cm)
C 17.8 17.4 6.2 124.1
\4 18.7 13.6 5.4 95.4
WM 17.8 15.5 59 115.9
WL 14.0 14.8 4.8 95.4
Mean 17.1 15.3 5.6 107.7
LSDg o5 ns 2.835 ns ns

C = control (without mulching); W = soil mulched with wood chips; WM = soil mulched with wood chips with
the addition of mycorrhiza preparation; WL = soil mulched with wood chips with the addition of forest litter;
LSD = least significant difference (Mann-Whitney U test) at p < 0.05; ns = not significant at p < 0.05.

3.2. Acarological Research

Measurement of the number of mites carried out on control plots showed their low density,
which was 4020 individuals per 50 cm? of substrate (Table 2, Figure 1). Actinedida (88.6%) clearly
dominated among the mites. Another large group was oribatid mites, which accounted for 9.2% of all
mites. The abundance ratio of two orders of mites: Oribatida to Actinedida (Or/Ac) was extremely
low (0.10). On mulched plots, the density of mites was many times higher and ranged from 29,630
to 70,760 individuals per 50 cm® of substrate. Moreover, unlike control plots, mulched plots were
dominated by oribatid mites, whose number ranged from 64.1% to 70.8% of all mites. On mulched plots,
Actinedida was the second large group, and Mesostigmata was the third largest group (on WM and
WL plots). The abundance ratio of two orders of mites: Oribatida to Actinedida (Or/Ac), on mulched
plots, was high and varied between 2.6 and 6.94. Acaridida and Tarsonemida were the least numerous
mite groups in this study.

The largest population of oribatid mites was found on plots mulched only with wood chips
(60,440 individuals per 50 cm? of substrate) (Table 2). In addition, the differences in the number of
oribatid mites between plots mulched only with wood chips and other mulching treatments were
statistically significant. However, no important difference was recorded in the number of oribatid
mites between plots mulched with wood chips with the addition of mycorrhiza preparation and plots
mulched wood chips with the addition of forest litter. Compared to the control plots, the size of
the Actinedida population on the mulched plots increased significantly, but the differences between
individual mulching treatments were not visible. The size of the Mesostigmata population on control
plots and plots mulched only with wood chips was clearly lower than on plots mulched with wood
chips with the addition of mycorrhiza preparation, as well as forest litter. Acaridida and Tarsonemida
mites were found only on plots mulched with wood chips with the addition of mycorrhiza preparation
and on plots mulched with wood chips with the addition of forest litter.

In the current study, 24 species of oribatid mite were noted (Figure 1). Most of them (21 species)
were found on plots mulched with wood chips with the addition of forest litter, and only two on the
control plots. Eleven and six species of oribatid mites were observed, respectively, on plots mulched
only with wood chips and plots mulched with wood chips with the addition of mycorrhiza preparation.

The analysis of the average number of species in the sample (s) showed visible differences in the
abundance of mite species between control plots and plots mulched only with wood chips (Table 2).
The highest value of this index (s = 3.7) was recorded on plots mulched with wood chips with the
addition of forest litter. The lowest Shannon'’s species diversity index (H’) was noted on control plots
(H" =0.22), and the highest value of this indicator (H = 1.52) was found on plots mulched with wood
chips with the addition of forest litter.

In the group of oribatid mites, Tectocepheus velatus clearly dominated in all treatments of the
experiment (Figure 1). The highest domination index (D) (94.6%) estimated for this species was noted
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on control plots, and the lowest (62.1%) was detected on plots mulched with wood chips with the
addition of forest litter.

On the control plots, the number of Tectocepheus velatus was only 350 individuals per 50 cm3
(Table 2). The highest population of this species was observed in the case of mulching only with wood
chips (52,480 individuals per 50 cm? of substrate). A much lower population of Tectocepheus velatus
was noted on plots mulched with wood chips with the addition of mycorrhiza preparation or forest
litter. Oribatula tibialis appeared only on control plots as the second species of mites (20 individuals
per 50 cm? of substrate), as well as in soil mulched with wood chips with the addition of forest litter
(56 individuals per 50 cm? of substrate). On the plots mulched only with wood chips, the second most
abundant species was Scutovertex sculptus (830-6950 individuals per 50 cm? of substrate). Oppiella nova
was also a numerous species of oribatid mites on mulched plots (360-1320 individuals per 50 cm® of
substrate). Pergalumna nervosa was detected only in soil mulched with wood chips with the addition of
forest litter (1260 individuals per 50 cm? of substrate).

Table 2. Density of mites and selected species of oribatid mites (N in thousand individuals in 50 cm? of
substrate), the Oribatida to Actinedida (Or/Ac) abundance ratio, the number of species (S), the average
number of species (s) and the Shannon’s species diversity index (H) of oribatid mites in the studied
mulching treatments of Scots pine.

Index—Taxon Treatments Kruskal-Wallis Test
C w WM WL H P
N—Acaridida 0.00 0.00 0.032 1.53b 31.09 0.000
N—Actinedida 3563  871®  678P  7.13P 29.53 0.000
N—Mesostigmata 0.092 009 139>  145P 26.73 0.000
N—Oribatida 0372 6044 2780°¢ 18.99° 71.56 0.000
N—Tarsonemida 0.00 0.00 0.574 0532 8.69 0.034
N—Acari (Total) 4022 70.76°  3657°¢  29.63°¢ 72.28 0.000
N—Oppiella nova (Oudemans) 0.00 0362 1254 1.322 12.88 0.005
N—Oribatula tibialis (Nicolet) 0.02 - - 0.06 - -
N—Pergalumna nervosa (Berlese) - - - 1.26 - -
N—Scutovertex sculptus (Michael) 0.00 6952 2.873b 0.83b 34.90 0.000
N—Tectocepheus velatus (Michael) 0352 5248°  2345¢  11.79°¢ 66.43 0.000
Others Oribatida (N < 1.0) 0.02 0.65 0.23 3.79 - -
N—Or/Ac abundance ratio 0.10 6.94 4.10 2.66 - -
S—Oribatida 2 11 6 21 - -
s—Oribatida 0232 198  158P  370°¢ 89.47 0.000
H'—Oribatida 0.22 0.47 0.56 1.52 - -

C = control—without mulching; W = soil mulched with wood chips; WM = soil mulched with wood chips with
the addition of mycorrhiza preparation; WL = soil mulched with wood chips with the addition of forest litter;
aab,b ¢ = data with the same letter do not differ significantly (p < 0.05); Others Oribatida (N < 1.0): Autogneta
longilamellata (Michael) in W, WL; Banksinoma lanceolata (Michael) in WL; Brachychthonius sp. Berlese in WL;
Camisia biurus (C. L. Koch) in W; C. horrida (Hermann) in WL; C. segnis (Hermann) in WM; Carabodes minusculus
Berlese in WL; C. subarcticus Tragardh in WL; Chamobates schuetzi (Oudemans) in WL; Eremaeus oblongus C. L. Koch in
WL; Liochthonius spp. van der Hammen in W; Metabelba pulverulenta (C. L. Koch) in W, WM, WL; Oppiella neerlandica
(Oudemans) in W; Oppiella nova (Oudemans) in W, WM, WL; Oribatula tibialis (Nicolet) in C, WL; Pergalumna nervosa
(Berlese) in WL; Punctoribates punctum (C. L. Koch) in WL; Scheloribates laevigatus (C. L. Koch) in WL; Scheloribates
latipes (C. L. Koch) in W, WL; Suctobelba spp. Paoli in W, WM, WL; Trhypochthonius tectorum (Berlese) in WL;
Trichoribates trimaculatus (C. L. Koch) in W, WL.
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Species [ Treatments
C ]
5.0
Tectocepheus velatus | 94,60
w |
1 0.02
Scheloribates latipes 0.02
1 0.02
Oppiella neerlandica 0.03
1 0.06
Metabelba pulverulenta | 0.10
0.35
Autogneta longilamellata | 0.38
} 060
Scutovertex sculptus |—— 11.50
86.85
Suctobelba spp. | 0.07
0.11
Metabelba pulverulenta | 0.65
e 450
Scutovertex sculptus | 10.32
84.35
Autogneta longilamellata | 0.11
1011
Carabodes minusculus | 0.11
1011
Punctoribates punctum | 0.11
1 016
Trichoribates trimaculatus | 0.16
0.32
Brachychthonius sp. | 0.32
} 053
Scheloribates latipes | 1.00
= 1.05
Trhypochthonius tectorum = 1,53
== 295
Chamobates schuetzi |jmm 3.11
jmm 348
Scutovertex sculptus  jwem 4,37
131
Pergalumna nervosa w664
o .95
Tectocepheus velatus 62.09
0 20 40 60 80 100 %

Figure 1. Domination index of the oribatid mites in the particular experiment treatments. Where:
C = control—without mulching (Tectocepheus velatus (Michael): Tectocepheuidae; Oribatula tibialis
(Nicolet): Oribatulidae); W = soil mulched with wood chips (Tectocepheus velatus (Michael):
Tectocepheuidae; Scutovertex sculptus Michael: Scutoverticidae; Oppiella nova (Oudemans): Oppiidae;
Autogneta longilamellata (Michael): Autognetidae; Suctobelba spp. Paoli: Suctobelbidae; Metabelba
pulverulenta (C. L. Koch): Damaeidae; Camisia biurus (C. L. Koch): Camisiidae; Oppiella neerlandica
(Oudemans): Oppiidae; Trichoribates trimaculatus (C. L. Koch): Ceratozetidae; Scheloribates latipes
(C. L. Koch): Scheloribatidae; Liochthonius spp. van der Hammen: Brachychthoniidae); WM = soil
mulched with wood chips with the addition of mycorrhiza preparation (Tectocepheus velatus (Michael):
Tectocepheuidae; Scutovertex sculptus Michael: Scutoverticidae; Oppiella nova (Oudemans): Oppiidae;
Metabelba pulverulenta (C. L. Koch): Damaeidae; Camisia segnis (Hermann): Camisiidae; Suctobelba spp.
Paoli: Suctobelbidae); WL = soil mulched with wood chips with the addition of forest litter (Tectocepheus
velatus (Michael): Tectocepheuidae; Oppiella nova (Oudemans): Oppiidae; Pergalumna nervosa (Berlese):
Galumnidae; Eremaeus oblongus C. L. Koch: Eremaeidae; Scutovertex sculptus Michael: Scutoverticidae;
Metabelba pulverulenta (C. L. Koch): Damaeidae; Chamobates schuetzi (Oudemans): Chamobatidae;
Oribatula tibialis (Nicolet): Oribatulidae; Trhypochthonius tectorum (Berlese): Trhypochthoniidae; Oppiella
neerlandica (Oudemans): Oppiidae; Scheloribates latipes (C. L. Koch): Scheloribatidae; Suctobelba spp.
Paoli: Suctobelbidae; Brachychthonius sp. Berlese: Brachychthoniidae; Banksinoma lanceolata (Michael):
Thyrisomidae; Trichoribates trimaculatus (C. L. Koch): Ceratozetidae; Scheloribates laevigatus (C. L. Koch):
Scheloribatidae; Punctoribates punctum (C. L. Koch): Punctoribatidae; Carabodes subarcticus Tragardh:
Carabodidae; Carabodes minusculus Berlese: Carabodidae; Camisia horrida (Hermann): Camisiidae;
Autogneta longilamellata (Michael): Autognetidae).
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4. Discussion

4.1. Scots Pine Growth Characteristics

The height and width of the trunk are the two most commonly measured features that determine
the size of tree biomass [30-32]. In this study, no clear effect of mulching treatments on the length of
annual main stem increments of young Scots pine trees was observed. On the contrary, in a study
reported by Klimek et al. [33] a significant increase in growth was noted in the case of Scots pine
seedlings produced using mulching and fertilizing with compost mixed with sawdust. Compared to
the control, mulching treatments used in recent studies, did not caused a significant increase in the
stem base diameter of Scots pine plants in the period of the first three years after planting. In addition,
mulching did not considerably affect two further features characterizing the growth of Scots pine
seedling, i.e., the number and lengths of lateral shoots in the annual whorl. Compared to the results
published by Klimek and Rolbiecki [32] and Klimek et al. [33], in current research, the lower growth
characteristics of Scots pine plants in the first three years of cultivation on plots mulched with wood
chips with the addition of forest litter can be explained by the immobilization of nutrients occurring in
this treatment. According to Prescott et al. [34], accumulation of organic matter on the soil surface
can affect the forest ecosystem by immobilizing nutrients, which does not allow plants to absorb
them. In general, physical and environmental conditions can hinder the growth and survival rate of
tree seedlings.

A different means of seedling production is also an important factor affecting plant growth
after planting, as well as biomass production [30,31,33,35,36]. In studies published by Szabla [37],
growth characteristics of Scots pine seedlings were observed for mycorrhized than non-mycorrhized
seedlings. The author stated that the place of cultivation strongly influenced the development of
seedlings. Therefore, the best growth parameters of seedling were recorded in cultivation on former
agricultural land, then on forest cuttings, next on-site of a fire and in forest areas degraded by industrial
emissions, and finally in areas reclaimed after sand exploitation. At the same time, the author reports
that in the first three years of cultivation, the increase in height and diameter of the stem base of the
mycorrhized seedlings was much larger (even by 2-3 times) than in the case of non-mycorrhized
seedlings. However, in each subsequent year, the differences in height increments between mycorrhized
and non-mycorrhized seedlings decreased. In this experiment, Scots pine seedlings with a covered
root system produced in a container nursery were used for planting, which could somewhat reduce
root mycorrhization and further slowdown the initial development of young trees.

4.2. Acarological Research

Mites, especially oribatid mites, are considered reliable bio-indicators of the biological condition
of the soil [6,12,13,38]. The size of the mite population recorded on the control plots of the current
experiment carried out at the post-military training ground in Bydgoszcz-Jachcice was low, but similar
to the number of the mite community previously noted in the same place by Klimek and Rolbiecki [32]
and Klimek et al. [33]. Both in the above research and in the current study, there was a clear numerical
superiority of Actinedida over Oribatida on the control plots. In general, after mulching with wood
chips, the total number of mites increased many times, and in addition Oribatida began to dominate
Actinedida. The abundance ratio of two orders of mites: Oribatida and Actinedida (Or/Ac) may indicate
the quality of the environment, as well as the degree of its anthropogenisation. Basically, the higher
the Or/Ac value, the more stable the soil environment and the higher the level of its succession [6,20].
In the present study, the increase in Or/Ac values observed after using wood chips mulching on
degraded soil indicates an increase in the biological balance of this habitat.

In the present study, mulching of soil with wood chips obviously raise the number as well as the
species diversity of mites, especially oribatid mites. The largest increase in the oribatid mite population
was observed in wood chips without additives. However, the largest rise in species diversity was
recorded in wood chips with the addition of forest litter, which contains a huge amount of mesofauna
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and soil microorganisms, such as fungi and bacteria. In forest ecosystem, many micro-arthropods
perform very important soil-forming functions, but one of the most important are oribatid mites.
Previous studies have shown that the introduction of a 1-cm thick layer of forest litter into a suitable
substrate, e.g., wood chips, is sufficient to inoculate soils with edaphon [25,33,35,36,39-41]. On the
one hand, these small animals have limited adaptability to new habitats [42—44], but on the other
hand, some studies show that oribatid mites appear very early in adverse habitats, even on the
glacier foreland [45] or on post-industrial dumps [46]. Haimi [38] believes that the presence of
mesofauna, which restores the soil biological activity, is important during soil remediation operations.
Haimi [38] reported that micro-arthropods can be used in soil reclamation processes in two ways.
First, micro-arthropods have a direct and indirect influence on soil metabolism, because they feed
on microorganisms, which stimulates their growth and reproduction. Secondly, micro-arthropods
are bio-indicators of the biological state of soils. Furthermore, oribatid mites (as vectors) have a
beneficial influence on the spread of bacteria and fungi, and therefore have an indirect effect on the
development of mycorrhiza [12,17,18,47]. The addition of fresh forest litter to reclaimed soil was
successfully used already by Klimek and Rolbiecki [32,40], Klimek et al. [33], Klimek at al. [36,41],
Klimek and Chachaj [25], and Klimek [39].

Among the oribatid mites, Tectocepheus velatus, for which the dominance rate ranged between
62.09% and 94.60%, clearly dominated in all mulching treatments of this experiment. T. velatus is a
common soil oribatid mite found in different biotopes [48]. T. velatus has a high reproduction rate
and high ability to colonize new habitats. In pine forests, this species most often dominates among
oribatid mites, and is also a good bio-indicator of biological activity of soil [10]. In the current study,
Oppiella nova was the second (mulching with wood chips with the addition of forest litter) or the third
(mulching only with wood chips and mulching with wood chips with the addition of mycorrhiza
preparation) in terms of population size, oribatid mite species. Both of the above-mentioned oribatid
mite species are pioneer species that produce a large number of offspring. Both Tectocepheus velatus and
Oppiella nova are parthenogenic and develop according to the life strategy of type “r”, which means
that these species have a genetically defined set of individual traits that allow them to survive [49,50].
In addition, these species of oribatid mites can prey on ectomycorrhiza, thus contributing to their
spread [18,19]. In this study, Scutovertex sculptus also occupied an important place in the hierarchy of
oribatid mites” dominance. This species clearly preferred wood chips without additions. S. sculptus
is a large oribatid mite with strong sclerotization of the cuticle, and thus it is well protected against
drying out and adapted to life in initial soils in conditions of strong sunlight, e.g., on fallow lands and
industrial heaps [51,52]. In the present research, no S. sculptus was observed on control plots, however,
in earlier studies carried out at the post-military training ground in Bydgoszcz-Jachcice, this species
was noticed, as were Oppiella nova and Tectocepheus velatus [32]. Tectocepheus velatus, which was the most
abundant oribatid mite in the control plots of current study, most likely found favorable conditions
for development in wood chips and gradually inhabited them. On the control plots, Oribatula tibialis
was also noted, which is classified as a eurytopic species [48,53] preferring forest soils [54], but its
population did not increase due to mulching.

On plots mulched with wood chips with the forest edaphon, the oribatid mites” domination
structure was more even than in the case of the other treatments used. The average number of species
and the species diversity index on plots mulched with wood chips with the addition of forest litter
were much higher than for other treatments. After applying this treatment, the average number of
species and the species diversity index of the substrate were most similar to forest soils, which is a huge
wealth of soil mesofauna [27,28]. The beneficial effect of adding forest litter to the mulch layer on the
richness and range of identified oribatid mite species indicates the usefulness of this type of treatment
in the process of the reclamation of degraded forest soils. The results confirm the good adaptation of
mites in Scots pine wood chips used in the mulching process [25,26]. Research indicates the usefulness
of Scots pine wood chips for practical use in the regeneration of degenerated soils, in which a stable
forest ecosystem will be created in the future. For this purpose, wood chips can be used without
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additions, but then the succession of soil micro-arthropods can last much longer, and then the time
of stable and species-diverse soil formation will likely be extended. This process can be accelerated
by adding the forest soil mesoflora and mesofauna to wood chips with the litter from mature forest.
When the mycorrhiza preparation was added to wood chips, no effect on the number and the species
diversity of mites in the substrate was observed. The main reason for this situation may be the course
of pluvial and thermal conditions during the study period; in particular, low atmospheric precipitation
may have contributed to the poor development of microorganisms implanted in the substrate using a
mycorrhiza preparation [27,47].

5. Conclusions

Generally, the use of soil mulching with the Scots pine wood chips did not affect the growth
characteristics of young Scots pine plants, but significantly improved the abundance and species
diversity of mites in the substrate. Mulching treatments increased the number and species diversity of
mites, especially oribatid mites, which began to dominate among micro-arthropods. The number of
oribatid mites increased the most after mulching with wood chips without additives, which creates
a good environment for the development of mites, but has a poor edaphon; therefore, the species
diversity was low there. In contrast, mulching with wood chips with the addition of forest litter,
which is a rich and natural source of mesofauna, contributed to the largest increase in the diversity
of mite species. Among oribatid mites, Tectocepheus velatus, Oppiella nova and Scutovertex sculptus,
which are known for their high ability to colonize new habitats, clearly dominated in all mulching
treatments. In sum, research has shown that mulching with Scots pine wood chips, particularly with
the addition of forest litter, considerably enriches soil fauna, thus contributing to the regeneration
process of degenerated forest soils.
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