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Abstract: The aim of this study was to determine the effects of different pre-sowing operations on
the abundance and composition of total soil fauna in soybean cultivation, with special attention to
carabids as biological indicators of agroecosystem quality. The study was conducted in central Cro-
atia with six different pre-sowing activities (cover crop, mulching, ploughing, glyphosate, fertiliser
removal, conventional tillage). Pitfall traps were used to collect soil fauna in April, June and Sep-
tember. After determining the abundance and composition of the fauna, their coenological charac-
teristics were calculated and statistical analysis was performed. During the study, 7836 individuals
of soil fauna were collected. The composition consisted of 84% beneficial, 8% harmful and 8% indif-
ferent fauna. Class Insecta was the most numerous with a proportion of 56%, with most members
of the family Carabidae (1622 individuals), followed by the class Arachnida (40%). The number of
fauna collected was influenced by the interaction between pre-seeding intervention and sampling
date. Pre-seeding interventions that did not involve soil activities did not affect the number and
composition of soil fauna at the beginning of vegetation. Mechanical interventions in the soil and
warmer and drier weather have a negative effect on the number and composition of soil fauna. As
the season progresses, the influence of pre-sowing activities on soil fauna in soybean crops de-
creases. It seems that a reduction in mechanical activities in the shallow seed layer of the soil has a
positive effect on species richness or diversity. Of particular note is the large proportion of beneficial
insects that currently colonise the study area, characterising soil richness and stable natural equilib-
rium.
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1. Introduction

Soybean (Glycine max L. Merril) is one of the oldest crops with high oil and protein
content in the grain [1,2]. The protein and oil content depends on the variety and growing
conditions and can vary between 35-50% protein and 18-24% soybean oil [3]. This oilseed
is used in oil production, food production and animal nutrition. In the food industry, it is
used in the form of soybean, oil, flour and milk, while grain, stalk or bread is used as
livestock feed. However, the main reason for its cultivation is still livestock [3]. Besides its
important role in human and livestock nutrition, it is also desirable in crop rotation.
Through its symbiosis with nodule bacteria, it enriches the soil with nitrogen [4,5]. Soy-
bean is a demanding crop that differs from other crops in complexity and cultivation re-
quirements, especially in tillage and soil preparation for sowing. Basic ploughing is car-
ried out to a depth of 30 cm, and in heavier soils levelling must be carried out in the au-
tumn. In early spring, the soil must be closed as early as possible to retain all accumulated
moisture [6].

Frequent and intensive tillage of any crop, including soybean cultivation, results in
greater soil compaction or disruption of the continuity of larger pores and corridors of
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organisms in the soil. Such soil affects both the abundance and diversity of soil fauna as
compaction creates unfavourable living conditions, especially anaerobic conditions [7,8].
One of the most important components of soil, apart from its chemical and physical prop-
erties, is its biological component or soil organisms. The biological component or soil bi-
odiversity is a very important but at the same time insufficiently known component of the
soil ecosystem [9,10]. Biodiversity consists of soil organisms that spend all or part of their
life cycle either in the soil or on its surface (including crop residues or mulch) and are
responsible for processes that are very important for soil health and fertility [8]. Tillage is
one of the most aggressive activities affecting soil biological balance. Biological balance
refers to the interactions among organisms, including the structure of food webs and the
ability of ecological systems to sustain themselves over time. In general, deeper and more
frequent tillage increases negative impacts on soil organisms, while no-till, strip tillage
and compatible tillage systems maintain biodiversity and soil organism richness in crop
production. Improper and inappropriate tillage results in greater soil compaction or dis-
ruption of the continuity of larger soil pores as well as the corridors of soil organisms. This
mainly affects the abundance, but also the diversity of the biological component of the soil
[11], as greater soil compaction creates less favourable living and especially anaerobic con-
ditions, which are only suitable for a smaller number of soil organisms [8].

The organisms in the soil are divided into three categories according to their influ-
ence on agriculture: Beneficial, Indifferent and Pests, and according to their size into four
basic groups: Microfauna, Mesofauna, Macrofauna and Megafauna [12]. The abundance
of beneficial organisms is extremely important as it is often used as an indicator to assess
the viability of the agroecosystem. Higher numbers of beneficial soil organisms indicate
better sustainability and positive impact on the crops grown [13]. Beneficial fauna has a
positive impact on increasing soil fertility (decomposition and mineralisation of organic
matter; mixing, transport and combination of organic and mineral soil components;
transport of microorganisms...) and regulating the water—air ratio (creation and mainte-
nance of soil pores) [14].

In the cultivation of soybeans, the occurrence of pests affects the quality and quantity
of the grain. To prevent such damage, all available control measures are used, including
chemical measures. Pesticides can be used in soybean production to control insects, mites,
weeds and pathogens [15]. The use of pesticides has negative effects and destroys benefi-
cial soil organisms [8,16,17]. Nietupski [18] states that of all pesticides used, only herbi-
cides have negative effects on beneficial Carabidae.

The most numerous beneficial insects in soil fauna are species from the orders Col-
lembola and Coleoptera, which are often referred to as bio-indicators [19]. These organ-
isms have different feeding strategies and functional roles within soil processes. Collem-
bola communities influence nutrient availability through their interactions with soil or-
ganisms [20], such as rates of bacterial and fungal consumption and spore transport. The
relationships of soil collembolan fauna to their ecological niches and the stability of com-
munity composition at a given site provide good starting points for bioindication of
changes in soil properties and impacts of human activities [21]. Carabids are often used
as indicators of habitat change. They have been used in grasslands and boreal forests
where species numbers and/or abundance have been found to change along a habitat dis-
turbance gradient [22]. Their numbers are influenced by many factors, one of which is the
pre-seeding procedure.

Glyphosate has been the subject of controversy for several years, ever since the World
Health Organization (WHO) warned of possible carcinogenic and genotoxic effects on hu-
mans. Glyphosate is the active ingredient in many commercial herbicides, of which the
best-known commercial product in the world is called Roundup, while in Croatia it is
better known as Cidokor [23]. The use of glyphosate is extremely widespread in agricul-
ture and horticulture [24]. Vandenberg et al. [25] noted that more than 1500 studies have
been conducted on the safety of glyphosate in the last decade, potentially changing the
regulatory view. More intensive research on the effects of glyphosate on beneficial (and
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harmful) soil fauna has not been conducted. Currently, there are no studies on the impact
of pre-sowing intervention or glyphosate application on overall soil fauna and particu-
larly on beneficial insects in soybean production.

Based on all the above, the hypothesis of this study is as follows: in soybean cultiva-
tion, more intensive tillage before sowing and glyphosate application have a negative im-
pact on the whole soil fauna and especially on the members of the beneficial fauna. Based
on the hypothesis, the objective of the study was to determine the total soybean soil fauna
and the effects of different pre-sowing interventions on the abundance and composition
of soil fauna in soybean cultivation.

2. Materials and Methods
2.1. The Locality of the Experiment

In 2019, a survey was conducted in six localities in the area of Saginovec (45°51'00" N
16°10'01" E), a village near Zagreb in the central part of Croatia. Six soybean fields were
sown in each of these six localities (36 soybean fields in total). In each field, different soil
treatments were applied before sowing. Cover crops were sown in field 1. Field 2 was
mulched, while field 3 was ploughed. Glyphosate was applied to field 4 for weed control.
Field 5 was ploughed under, and field 6 had standard tillage (stubble ploughing at 10 cm,
deep fall ploughing at 25 cm in 2018, and winter furrow closure and standard soil prepa-
ration for seeding in 2019). Mulching, cover plants and glyphosate applications do not
involve soil activities, while ploughing, undermining and standard tillage represent in-
terventions in shallower and/or deeper soil layers. More detailed data on tillage opera-
tions can be found in Table 1.

Table 1. Pre-sowing interventions and implementation dates.

Variants
Activity Cover Plants = Mulching Ploughing Glyphosate = Undermining  Standard *
Sowing 2 August 2018 - - - -

Mulching - 18 October 2018 - - - Plowing stubble
Ploughing - - 12 December 2018 - - Deep plough'mg
Furrow closing
Glyphosate - - - 3 September 2018 - Pre-sowmg soil

preparation

Undermining 1 August 2018
Soybean sowing 5 June 2019 5 June 2019 5 June 2019 5 June 2019 5 June 2019 5 June 2019

* Usual interventions of the field owner = conventional tillage in soybean cultivation.

2.2. Soil Fauna Sampling

Soil fauna sampling was conducted on three dates, April, June, and September, from
the beginning to the end of soybean cultivation. Traps were active for two weeks in each
specified sampling period. Soil fauna was collected using epigeic covered pitfall traps.
Polythene pots (J =12 cm, h = 18 cm) were incorporated 18 cm into the soil and covered
with PVC roofs (J = 16 cm) approximately 4 cm above ground level. Each trap was half
filled with salted water (20% solution) for captures conservation. Four pitfall traps were
placed in each field, two at the edge and two in the middle of the plot. All collected sam-
ples were stored in plastic containers with appropriate labelling prior to determination.

2.3. Data Analysis

After collecting samples of fauna, further research was carried out in the laboratory
of the Department Agricultural Zoology of the Faculty of Agriculture in Zagreb. The col-
lected soil fauna from each sample was separated from the contaminants and transferred
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into containers with 96% alcohol. This was followed by sample identification. The deter-
mination was carried out with the help of light microscope and standard keys [26-31]. All
organisms found were classified into the appropriate classes (Insecta, Arachnida, Mala-
costraca, Diplopoda, Chilopoda and Gastropoda). Members of the class Insecta are iden-
tified by family, genus or species.

After determining the samples, a list of soybean soil fauna was compiled. After de-
termining the number of soil fauna, their coenological characteristics, dominance and fre-
quency were also determined.

Dominance is used to express the percentage of an order/family/genus/species in the
total number of insects in a particular biotope. The Balogh formula was used to calculate
dominance (cited in Balarin [32]):

D = (nA/N) x 100 1)

D —dominance index; nA —the number of individuals caught of the same species/ge-
nus/order; N—the total number of individuals caught.

Based on the calculated dominance, the orders are classified into the following
groups according to Tischler and Heydeman (cit. Balarin [29]) as eudominant (>10%);
dominant (5-10%); subdominant (1.00-4.99%); recedent (0.5-0.99%); subrecedent (0.01-
0.49%).

Frequency shows the exact number in which an order/family/genus/species appears
on a surface within a biotope. The Balogh formula was used to calculate the frequency
[32]:

Cai = Uai/ZUi x 10 (2)

Cai—frequency index; Uai—number of samples with order found; LUi—total num-
ber.

According to Tischler (Balarin 1974), the obtained frequency results are divided into
the following groups: euconstant (75-100%); constant (50-75%); accessory (25-50%); acci-
dental (0.1-25%).

The data on the number of individuals belonging to different orders/classes captured
in each field were analysed by analysis of variance (ANOVA) using the AOV factorial
method with three factors using ARM 9 software software (Gylling Data Management,
Brookings, South Dakota) [33]. The first factor was pre-sowing intervention, which was
considered as a fixed factor. The second factor was sampling period and the third factor
was statistical class. A Tukey post hoc test was used to determine which mean values of
the variants were significantly different after a significant test result (p < 0.05).

In order to compare species richness among different treatments, the Shannon index
(H) [34] was calculated based on the total collected individuals of different classes for each
pre-sowing activity. The Shannon entropy quantifies the uncertainty (entropy or degree
of surprise) associated with this prediction. It was calculated as follows:

N
Shannon Index (H) = Z pi Inpi 3)
i=1
In the Shannon index, p is the proportion (n/N) of individuals of one particular spe-
cies found (n) divided by the total number of individuals found (N), In is the natural log,
L is the sum of the calculations, and s is the number of species.
Shannon'’s equitability (Ex) has been calculated by dividing H by Hmax (here Hmax =
InS) [35]. Equitability assumes a value between 0 and 1 with 1 being complete evenness.
The data on the number of individuals belonging to family Carabidae captured in
each field were analysed by analysis of variance (ANOVA) using the AOV factorial
method with two factors using ARM 9 software [33]. The first factor was pre-sowing in-
tervention, which was considered as a fixed factor. The second factor was sampling pe-
riod. To normalise the data, square root transformation of X + 0.5 has been applied. A
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Tukey post hoc test was used to determine which mean values of the variants were sig-
nificantly different after a significant test result (p < 0.05).

3. Results and Discussion
3.1. Soybean Fauna Diversity

Table 2 shows the number and composition of soil fauna of soybean collected in
April, June and September 2019. A total of 7836 individuals were collected. The Insecta
class was the most numerous with 4373 individuals, within which eight orders were iden-
tified. The most numerous order was Coleoptera with 2698 members, which accounted
for 34% of the total soybean soil fauna collected. The study identified 807 individuals from
the order Hymenoptera, which accounted for 10% of the total soybean soil fauna collected,
especially members of the family Formicidae (712 individuals, 9.1%). In addition, there
were 466 members of the order Diptera (6%), 241 members of the order Collembola (3%),
72 members of the order Orthoptera (1%), 2 members of the order Mecoptera (0.03%), and
1 member of the order Lepidoptera (0.01%). In addition, 86 individuals from the order
Hemiptera were identified, representing only 1% of the total fauna collected. In the study
of soybean fauna by BaZok et al. [36], the most numerous order was Hemiptera with 818
individuals, which accounted for 60.3% of the total fauna collected. However, their results
show the composition of the fauna on the plant canopy. In addition to the class Insecta,
this study also identified 3111 individuals from the class Arachnida, which accounted for
40% of the total soil fauna. Other classes were much less represented in the total catches.

Table 2. The number and composition of the soybean soil-dwelling fauna.

Class Order Family Genus/Species In total  Category
Collembola - - 241 beneficial
Orthtoptera Acrididae - 10 pest
Gryllidae Gryllus campestris Linnaeus, 1758 62 pest
Miridae - 2 pest
Nabidae - 4 beneficial
Lygaeidae - 2 pest
Nepidae - 1 pest
Reduviidae - 9 beneficial
Hemiptera Coreidae Coreus marginatus Linnaeus, 1758 1 pest
Pentatomidae Rhaphigaster nebulosa Poda, 1761 1 pest
Pyrrhocoridae Pyrrhocoris apterus Linnaeus, 1758 33 beneficial
% Tingidae Corythuca ciliata Say, 1832 pest
£ Aphididae - 7 pest
Cicadellidae Iassus lanio Linnaeus, 1761 19 pest
Flatidae - 2 pest
Brachinus psophia Serville, 1821 181 beneficial
Carabus coriacerus Linnaeus, 1758 4 beneficial
Carabus arvensis Herbst, 1784 1 beneficial
Carabus cancellatus tibiscinus Csiki, 1906 441 beneficial
Coleoptera Carabidae Carabus cancellatus dahli Heer, 1841 19 beneficial
Clivina fossor Linnaeus, 1758 10 beneficial
Bembidion sp. Latreille, 1802 68 beneficial
Trechus quadristriatus Schrank, 1781 beneficial
Anisodactylus signatus Panzer, 1796 2 beneficial
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Harpalus sp. Latreille, 1802 31 beneficial
Harpalus affinis Schrank, 1781 88 beneficial
Harpalus distinguendus Duftschmid, 1812 105 beneficial
Harpalus rufipes De Geer, 1774 51 beneficial
Harpalus neglectus Audinet-Serville, 1821 1 beneficial
Harpalus laevipes Zetterstedt, 1828 1 beneficial
Anchomenus dorsalis Pontoppidan, 1763 46 beneficial
Ophorus signaticornis Duftschmid, 1812 5 beneficial
Poecilus cupreus Linnaeus, 1758 383 beneficial
Pterostichus melas Creutzer, 1799 40 beneficial
Pterostichus melanarius Illiger, 1798 6 beneficial
Amara sp. Bonelli, 1810 138 beneficial
- 66 beneficial
Scarabaeidae —
Teuchestes fossor Linnaeus, 1758 97 beneficial
- 1 est
Chrysomelidae P
Phyllotreta sp. 72 pest
Nitidulidae Glischrochilus quadrisignatus Say, 1835 pest
Tenebrionidae Gonocephalum sp. Chevrolat, 1849 beneficial
Curculionidae - pest
Staphylinidae - 382 beneficial
Cantharidae - 53 beneficial
Phalacridae Olibrus sp. Erichson, 1845 4 pest
Coccinellidae - 8 beneficial
o Silpha sp. Linnaeus, 1758 150 beneficial
Silphidae -
Nicrophorus sp. Fabricius, 1775 26 beneficial
Elateridae - 189 pest
Bostrychidae - 1 pest
Formicidae - 712 beneficial
- 23 beneficial
Braconidae -
Aphidius sp. 14 beneficial
Vespidae Vespa sp. Linnaeus, 1758 4 beneficial
) Bombus sp. Latreille, 1802 beneficial
Apidae - - -
Apis mellifera Linnaeus, 1758 7 beneficial
Hymenoptera
Ichneumonidae - 2 beneficial
Dryinidae - 10 beneficial
Eulophidae - 18 beneficial
Mymaridae - 4 beneficial
Platygastridae Platygaster sp. 11 beneficial
Crabronidae - 1 beneficial
) Musca sp. Linnaeus, 1758 181 indifferent
Muscidae —
Hydrotaea sp. Robineau-Desvoidy, 1830 70 indifferent
) Sciaridae - 194 pest
Diptera
Phoridae - pest
Empididae - beneficial
Simulidae - 3 indifferent
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Sphaeroceridae - 1 pest

Trichoceridae - 2 pest

Tabanidae - 1 pest
Mecoptera Panorpidae Panorpa sp. Linnaeus, 1758 2 indifferent

Lepidoptera - - 1 pest
Arachnida - - 3111 beneficial
Malacostraca - - 250 indifferent
Diplopoda - - 82 indifferent
Chilopoda - - 10 beneficial
Gastropoda - - 10 indifferent

The composition of soil fauna, according to the influence of organisms on agriculture,
consists of 6601 members of beneficial fauna, which is 84% of the total fauna collected, 603
members were pests, which is 8% of the total fauna collected, and 632 members were in-
different fauna, which is 8% of the total fauna collected. In our study, out of the total ben-
eficial fauna which comprised 6601 individuals, 3111 individuals were spiders, which is
47% of the total beneficial fauna collected. This confirms the findings of Costello and
Daane [37], Pearce et al. [38] and Pajac Zivkovic et al. [39], in which they stated that spiders
are among the most abundant predators in the soil layer and in large numbers can play
an important role in reducing the pest population.

3.2. Dominance and Frequency of Collected Fauna

After determination, the parameters of dominance and frequency of classes and or-
ders per total number of collected soil fauna were calculated. According to the dominance
index, the classes Arachnida and Insecta (and individually the orders Hymenoptera and
Coleoptera) were classified as eudominant. The results show that the class Insecta ac-
counted for 56% and the class Arachnida for 40% of the total number of fauna collected.
Within the class Insecta, the order Coleoptera accounts for 34% of the total number of
fauna collected and the order Hymenoptera accounts for only 10% of the total number of
fauna collected. The order Diptera is classified as the dominant order and accounts for 6%
of the total number of fauna collected, and the order Collembola as the sub-dominant or-
der accounts for only 3% of the total number of fauna collected. The frequency index of
these orders over all the samples shows that the orders Coleoptera (100%), Hymenoptera
(89%), Diptera (92%) and the class Arachnida (100%) belong to the category of eucon-
stants, with their frequency index occurring in more than 75% of the samples. The order
Collembola (25%) belongs to the category of accessory orders, occurring in 25% of the
samples.

When the same parameters were analysed by collection period, the dominance index
of the members of the order Coleoptera was 34%, 58% and 21%, respectively; it was clas-
sified as the eudominant order in all three collection periods. However, the results showed
that its dominance increased in June and decreased in September. Members of the class
Arachnida were also classified as a eudominant order throughout the collection period,
with a dominance index of 42% (April), 20% (June) and 32% (September). The results show
that their index decreased in June and increased in September, which was the opposite to
the members of the order Coleoptera. The order Diptera is classified as a eudominant or-
der in April with a dominance index of 11%, while in June and September it is classified
as a dominant order with a dominance index of 8% and 10%, respectively. Members of the
order Hymenoptera increased in each sampling period and were classified as a subdomi-
nant order with a dominance index of 5% in April, dominant order with a dominance
index of 6% in June and eudominant order with a dominance index of 23% in September.
Members of the order Hemiptera also increased in their dominance index over the study
period. In April, it was classified as a recurrent order with a dominance index of 1%, and
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in June and September it was classified as a subdominant order with dominance indices
of 1% and 4%, respectively. The order Isopoda was subdominant in April with a domi-
nance index of 3%, then fell to a recedent order in June with a dominance index of 1%, and
rose to a dominant order in September with a dominance index of 5%.

The class Arachnida (100%) and, within the class Insecta, the order Coleoptera (100%)
are classified as euconstant throughout the sampling period and occur in all samples col-
lected. The order Diptera is also classified as euconstant throughout April and September
and was found in every sample collected, while in June it occurs in 75% of the samples.
The order Hymenoptera is found in all the collected samples in April and September and
is classified as a euconstant order, while in June it is found in 67% and is classified as a
constant order. Members of the order Hemiptera were present in all collected samples in
April and classified as a euconstant order, in June they were classified as an accessory
order and were present in 33% of collected samples, while in September they were again
classified as a euconstant order and were present in 83% of collected samples. The order
Isopoda was found in 67% of the collected samples in April, in 50% of the collected sam-
ples in September and was classified as a constant order, and in June it was found as an
accessory order in only 17% of the collected samples.

3.3. Influence of Pre-Sowing Tillage on Soil Fauna Abundance

The total number of catches from the same pre-seeding measures was tested mutu-
ally and the p values ranged from 0.158978 to 0.687678, which means that the same pre-
seeding measure had no influence on the abundance of fauna on the tested sites in the
Saginovec area. Therefore, in the further results, we present summarised data on collected
soybean fauna per measure before sowing.

Table 3 shows the results of ANOVA between the total number of catches of all soil-
dwelling fauna on the studied variants throughout the survey period. The results show
that catches were extremely high in April and that they decreased during the summer and
autumn months. In April, significantly more members of the fauna were found in fields
with glyphosate and in fields where mulching was carried out. The lowest abundance of
fauna was found in fields with cover crops prior to seeding. In June, up to 10 times lower
catches of fauna were found, and significantly the highest catches were found in fields
where ploughing was carried out before sowing, and the lowest catches were found in
fields with mulching, glyphosate and standard tillage. In September, catches were even
lower and no differences were found between the studied variants.

Table 3. Total catches of soil fauna (+ standard error: SE) on all variants throughout the research
period.

Pre-Sowing Research Period
Activity April June September
Cover plants 199.5 £10.8 <* 27.8+3.50b¢ 21.5+7.1ns
Mulching 453.0+33.82 253+28¢ 19.5+7.2ns
Ploughing 287.5+51.5bc 49.8+2.72 10.0£1.1 s
Glyphosate 460.8 +24.2 = 21.5+2.7¢ 28.0+4.8m
Undermining 249.0+24.8¢ 42.8+4.52b 16.0 £2.6 1
Standard 404.0 +32.0 ab 183+1.6¢ 28.5+7.2ms
Tukey’s HSD p =0.05 ** 147.75 15.26 ns
Standard Deviation 64.3 6.6 11.0
Levene’s F 1.8 0.6 23.5
0.156 0.702 0.001 *

* values marked with the same letter (a-c) do not differ significantly (p > 0.05; HSD test); ns —non
significant; ** HSD was determined by comparing the total abundance of fauna between different
methods of pre-sowing tillage in all periods of research. Equality of variances was tested with
Levene’s test and reaches with equal variances (p > 0.05); ‘t = Mean descriptions are reported in
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transformed data units and are not de-transformed (data were log (x + 1) transformed and arcsin
trans-formed Vx). Equality of variances was tested with Levene's test and reaches with equal vari-
ances (p > 0.05); 't = Mean descriptions are reported in transformed data units and are not de-trans-
formed (data were log (x + 1) transformed and arcsin transformed Vx). Equality of variances was
tested with Levene’s test and reaches with equal variances (p > 0.05); ‘t = Mean descriptions are
reported in transformed data units and are not de-transformed (data were log (x + 1) transformed
and arcsin trans-formed Vx).

In April, a total of 6838 individuals of soil fauna were identified, representing 87% of
the total catch. In June, 508 individuals of fauna were identified (6%), and in September,
490 individuals (6%) (Table 4).

Table 4. Abundance of the total soil-dwelling fauna in all variants during investigation period.

Sampling Interventions Prior to Soybean Sowing
Period Cover Plants ~ Mulching  Ploughing Glyphosate Undermining Standard TOTAL
April 676 1533 1013 1526 815 1275 6838
June 86 73 119 60 122 48 508
September 94 71 45 103 68 109 490
TOTAL 856 1677 1177 1689 1005 1432

Soybean soil-dwelling fauna is many times more numerous in the spring months (the
onset of soybean vegetation), while it drastically decreases later. Nait-Kaci et al. [40] claim
that a large difference in research results during the year is due to the sensitivity of terres-
trial fauna to climatic conditions, especially heat and humidity, and the influence of veg-
etation cover. There are numerous studies that also find the highest abundance of fauna
in spring months [41], which is probably due to more favourable climatic conditions (more
humidity, lower temperatures). Gkisakis et al. [42] conducted a study on soil fauna in
common and hilly olive groves and the results showed the highest number of individuals
in spring, while in summer and autumn the number decreases. Goncalves et al. [43] in
their study on soil fauna in olive groves found that most of the soil fauna was collected in
spring. House and All [44] in their study also found the highest numbers of members of
the order Coleoptera in pitfall traps in mid-spring in soybean cultivation.

In April, most fauna was collected in the field where mulching was performed and
in the field where glyphosate was applied. The percentage of fauna in both fields was 22%.
Fields with standard tillage had 19% of the fauna, while fields that were ploughed had
15% of the total fauna. Fields with undermining had 12% of the total fauna. Fields with
cover crops had the least amount of fauna, only 10%. In June, the most fauna was collected
in the field with undermining and the field with ploughing, with percentages of total
fauna of 25% and 23%, respectively. In the fields with cover crops, the proportion of fauna
was 17%. In the fields with mulching, the proportion was 14%, and in the fields with
glyphosate application, the proportion was 12% of the total catches. The lowest proportion
of fauna was found in the fields with standard tillage, only 10% of the total catch. In Sep-
tember, the most fauna was collected in fields with standard tillage and glyphosate appli-
cation, 22% and 21%, respectively. In fields with cover crops, the percentage of fauna was
19%. Fields with mulching and undermining had similar percentages, 15 and 14%, respec-
tively. The lowest percentage of fauna was found in the field with ploughing, only 9% of
the total catch. As reported by several authors, the associated conserved management sys-
tems contribute to the optimal development of soil fauna, besides the high relationship
with soil fertility due to increased biological activity [45—-47]. In contrast, the no-till
measures showed a lower occurrence and diversity of soil organisms. Therefore, the con-
served soil management should not be recommended when the objective is to benefit and
to preserve soil biodiversity, regardless of the type of soil tillage and management.
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The total catches of various members of the soybean soil fauna classified into or-
ders/classes were analysed during the study period to determine differences among fields
within each taxonomic category with respect to the sampling period. The detailed analysis
of the number of individuals from different statistical categories collected in April, June
and September on different tillage systems is presented in Tables 5-7.

There were no significant differences in the number of individuals captured in April
between different tillage systems in the orders Orthoptera, Hemiptera, and the classes
Arachnida and Diplopoda. The differences were found in the orders Colembolla, Coleop-
tera, Hymenoptera, Diptera and the class Malacostraca. Among the fields with different
tillage methods, significantly higher catch of individuals of order Coleoptera was rec-
orded in the fields with mulching. In fields with ploughing, a significantly higher number
of members of order Hymenoptera was recorded. In the fields with glyphosate, signifi-
cantly higher catches of individuals of the orders Colembolla and the class Malacostraca
were recorded. However, the catches of individuals of the classes Malacostraca were very
low. Members of the class Arachnida were caught in high numbers in all fields, but due
to high variability in catches, differences between fields with different tillage practices
were not detected.

Table 5. Total soil fauna analysed by order/class (+SE) collected in April on different tillage systems before sowing.

8 (4]
< =
E : : 2 £ = S g 3
Pre-Sowing "E "é.. [ E" S 8 £ 2 g
Activity = = g o o B < S =
° = &’ =) i a z - 5
o o o = S
Cover plants 14+3.5% 1+0.7 19+01 61.5+0» 21.8+75%> 41+0.1"? 60.1+0 0+0¢ 0.8+0.3

Mulching 9.8+56°% 33+03 27+0.1 1469+0.12 28.6+212> 142+0.12> 1497+0.1 58=+0.1°b 15+05

Ploughing 0x0¢® 3+11 26+02 79.6+0.12> 63.1+£6.82 53+023 668+01 06+01c 11.8+6.6
Glyphosate 29.8+1.82 25+1 29+0.2 1054+02> 13.6+3% 85+012> 1502+01 354+012 207
Undermining 63+1.7% 1+06 22+03 704+01°% 23+21% 59+012> 828+01 02+01c 1+04

Standard 0x0°b 1+04 1.7+0.11179+0.12b 254+54°> 20.7+022 151+0.1 59+0.1° 13x0.8

Tukey’s HSD = | ns ns 58.56 33.65 14.96 ns 281 ns
p=0.05**
Standard 6.2 122 039t 012t 9.48t 0.26 t 018t 023t 115
Deviation
L vencls F 331 13 12 04 24 28 25 55 12
evenes 0001* 032 034 0.84 0.08 0.045 * 0.06 0.003 * 0.35

¥ values marked with the same letter (a-c) do not differ significantly (p > 0.05; HSD test); ns — non significant value; *sig-
nificant value; ** HSD was determined by comparing the numbers of each group of insects between different methods of
pre-sowing tillage; Equality of variances was tested with Levene’s test and reaches with equal variances (p > 0.05); ‘t =
Mean descriptions are reported in transformed data units and are not de-transformed (data were log (x + 1) transformed
and arcsin transformed Vx).

The results in Table 6 show that there were no significant differences in catches be-
tween the variants in the orders Collembola, Orthoptera, Hemiptera, Hymenoptera, Dip-
tera and the class Diplopoda in June. The only differences in catches were found in the
order Coleoptera and the classes Arachnida and Malacostraca. Members of the order Col-
eoptera were significantly more abundant in fields with ploughing and undermining.
Catches in other fields were low and did not differ significantly. Members of the class
Arachnida were caught in fields with cover crops, ploughing and undermining. There
were no significant catches in other fields. The Malacostraca class had the significantly
highest catch in fields with glyphosate, but it should be noted that these catches were very
small.
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Table 6. Total soil fauna analysed by order/class (+SE) collected in June on different
tillage systems before sowing.

] «
[ E™
s g g : £ = g £ 3
Pre-Sowing = o kS [ 5 g = 7 <
g g 9 2 8 g £ < g 5
Activity é‘ "f:' g %.) g 5 E g =
=] ) —
o (@) jan) Q E < s o)
Cover plants 0+0 0.4+2.1 0+0 9.4 +(0b¥ 24+3.1 0.4+0.2 71012 0+0b 0+0
Mulching 0+0 2+29 0.2+0.1 85+0.1P 01+14 1.7+0.3 23+0.1ab 0+0¢P 0+0
Ploughing 0+0 01+2 04+0.2 243+02 1.6+2.7 04+0.1 49+022 0.2+0.1ab 0+0
Glyphosate 0+0 09+19 0.2+0.1 77+0°b 01+2 04+0.1 3.2+(0ab 1.1+0.12 0+0
Undermining 0+0 03+1.7 04+0.2 183 +0.12 22+29 1.2+0.2 57+02 0+0¢P 0+0
Standard 0+0 03+1.7 0.4+0.2 8.6+0.1" 0.1+2 09+0.1 0.4+0.1"° 0+0¢b 0+0
Tukey’s }ED ns ns ns 7.17 ns ns 2.87 0.91 ns
p=0.05
Standard 0 454t 017t 011t 524t 030t 021t 011t 0.24
Deviation
Levene’s F 0.29 0.25 0.95 0.24 1.68 26.8 24
0.91 0.93 0.47 0.94 0.19 0.001 * 0.07

¥ values marked with the same letter (a-b) do not differ significantly (p > 0.05; HSD test); ns — non significant value; *sig-
nificant value; ** HSD was determined by comparing the numbers of each group of insects between different methods of
pre-sowing tillage; Equality of variances was tested with Levene’s test and reaches with equal variances (p > 0.05); ‘t =
Mean descriptions are reported in transformed data units and are not de-transformed (data were log (x + 1) transformed
and arcsin transformed Vx).

The results in Table 7 show that in September the number of members of the orders
Collembola, Orthoptera, Hemiptera, Coleoptera, Hymenoptera, Diptera and the classes
Malacostraca and Chilopoda did not differ significantly among the variants of the study.
Only in the class Arachnida were differences in catches found between the variants stud-
ied. The number of members of the class Arachnida was significantly higher in fields with
glyphosate and slightly lower in fields with cover crops, mulching and standard tillage.
Statistically, the lowest catches were found in fields where ploughing and undermining
were used.

Table 7. Total soil fauna analysed by order/class (+SE) collected in September on different tillage systems before sowing.

[+ [+
E 5 B £ : g f 3
Pre-Sowing = i = a 15 g g ? e
. . E =} = © < a = =} 1)
Activity = < E 2 2 5 g & =
o — —
] o en o & < S a
Cover plants 0+0 0+0 04+0.1 43+0.1 22+1 3.9+0.2 45+0.1ak¥  0x0 0.3+0.3
Mulching 0+0 0+0 0.7+0.1 3+0.1 0.7+1.7 2.7+0.2 5.7 +0.2ab 0+0 0.3+0.3
Ploughing 0+0 01+14 04=+0.1 29+0 0.7+1.7 1.1+0.1 25+0.1° 0+0 1.3+0.3
Glyphosate 0+0 + 0.7+0.1 5+0 14+26 3.7+0.1 124 +0.12 0+0 0+0
Undermining 0+0 03+17 0.2+0.1 2.7+0.1 24+3.1 57+0 22+0.1°b 0+0 0+0
Standard 0+0 0+0 21+04 42+0.2 29+1 5.3+0.2 7+0.2ab 0+0 0.5+0.3
Tukey’s HSD ns ns ns ns ns ns 8.84 ns ns
p=0.05**
Standard
arT a.r 0 1.68t 0.36t 0.18 t 3.86 t 0.31t 0.25t 0 0.42
Deviation
Levene’s F 4.2 3.5 26.8 0.6 10.7 4.5 1.8
0.01* 0.02 * 0.001 * 0.68 0.001 * 0.008 * 0.19
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¥values marked with the same letter (a-b) do not differ significantly (p > 0.05; HSD test); ns-non significant value; *signif-
icant value; ** HSD was determined by comparing the numbers of each group of insects between different methods of pre-
sowing tillage; Equality of variances was tested with Levene’s test and reaches with equal variances (p > 0.05); ‘t = Mean
descriptions are reported in transformed data units and are not de-transformed (data were log (x + 1) transformed and
arcsin transformed Vx).

As shown in our results, beetles (Coleoptera: 2709) and spiders (Arachnida: 3072) are
the most important members of the soil-dwelling fauna and, contrary to the statements of
Wardle [48] that they are greatly reduced by tillage, we found that these two groups are
much more influenced by weather conditions (high abundance in spring, low in autumn)
than by tillage. The results of the factorial analysis (Table 8) provide additional support
for our conclusions. The number of individuals collected was significantly (p > 0.05%) in-
fluenced by the pre-sowing treatment (HSD = 1.28) and by the period of sampling (HSD =
0.74), as well as by the order/class of individuals recorded (HSD = 1.71), proving that the
pre-sowing treatment (i.e., the type of tillage) is responsible for the number of different
orders/classes of soil-dwelling fauna in soybean. The sampling period also influences the
captures as well as the interaction between pre-sowing intervention and sampling date.
The significant interaction (p > 0.05%) was present between all the three factors (pre-sow-
ing intervention, sampling period and order/class of individuals recorded) for the number
of individuals recorded.

Table 8. Factorial analysis of the total capture of different orders/classes of soil fauna.

Source of Variation df p HSD

Total 971

Rep

Pre-sowing intervention (A) 5 0.0001 1.28
Sampling period (B) 2 0.0001 0.74
AxB 10 0.0001 2.72
Order/Class (C) 8 0.0001 1.71
AxC 40 0.0001 5.44
BxC 16 0.0001 3.53
AxBxC 80 0.0001 10.56

Error 805

df — degrees of freedom; p - probability value; HSD — honestly significant difference

3.4. Influence of Pre-Sowing Tillage on Soil Fauna Species Richness

The diversity in six different pre-sowing treatments, calculated according to the
Shannon diversity index (H) and according to Shannon’s equitability (EH), is shown in
Table 9. We can see from our results that the diversity and evenness in the fields from the
standard pre-sowing treatment are much lower than in the fields from the treatments that
disturb the soil less, such as cover crops, ploughing, undermining and mulching. At the
same time, the difference in diversity and evenness between the standard treatment and
the treatment with glyphosate is somewhat smaller. In the fields where the activities are
less intensive, not only is there a greater number of species, but the individuals in the
community are more evenly distributed among these species. In the fields with standard
pre-sowing activities, there are 50 species, but the class Arachnidae accounts for 46% of
the community and Staphylinidae, Carabus tibiscianus and Formicidae account for the
other 22% of the community.
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Table 9. Shannon diversity index (H) and Shannon’s equitability (EH) of collected fauna in different pre-sowing treat-

ments.
Pre-Sowing Activity
Cover plants Mulching Ploughing Glyphosate Undermining Standard
Shannon
diversity 2.583 2.619 2.575 2.319 2.538 2.202
index (H)
Number of 44 57 48 0 49 50
species
Shannon’s
equitability 0.683 0.648 0.665 0.620 0.652 0.563
(En)

Our results confirm an earlier study by Baretta et al. [49], in which it was shown that
the members of Collembola, Araneae, Hymenoptera, Orthoptera, Grylloblattodea, Lepi-
doptera and the total abundance of soil fauna were related not only to specific tillage sys-
tems but also to weather conditions at the time of sampling. The same authors noted that
no-till has a higher amount of organic matter in the surface layers and a higher moisture
status of the soil, which promotes the formation of a suitable environment for a greater
abundance and diversity of edaphic groups, especially Coleoptera and Isopoda [49]. This
was partially confirmed in our study, especially in the spring sampling, where the greatest
faunal diversity was found in variants with mulching and glyphosate treatments, which
are without intervention in the soil layers.

3.5. Influence of Pre-Sowing Treatments on the Carabid Population

Of all the fauna recorded, the family Carabidae has received special attention because
of its importance as predators of numerous pest species [50-52] and as indicators of an-
thropogenic impacts and agroecosystem quality [22,52-58]. Members of the family Cara-
bidae accounted for 34% of the total fauna collected. A total of 21 species of carabids were
identified in this study, with Carabus cancellatus tibiscinus (441 individuals), Poecilus cu-
preus (383 individuals), Brachinus psophia (181 individuals) and Harpalus distinguindes (105
individuals) standing out in numbers. Lemic et al. [57] reported a similar carabid commu-
nity (26 species with 15 genera) in an intensively managed agricultural production. Cara-
bids are considered as one of the most important natural enemies in soil and subsoil layers
[59]. They are also used in numerous studies as bioindicators of climate change and the
effects of agrochemicals on their habitats, and their abundance can indicate the level of
pollution in an area [12,60-68].

Depending on the pre-sowing interventions (Figure 1), the abundance of carabids in
April was the highest in fields where mulching was carried out (363 individuals: 22%),
followed by fields with glyphosate application (317 individuals: 20%); fields with stand-
ard tillage (241 individuals: 15%); fields with undermining (183 individuals: 11%); plough-
ing (161 individuals: 10%); and the lowest abundance was observed in fields with cover
crops (121 individuals: 8%). In June, the total number of catches was much lower and the
highest number of carabids was observed in the fields with ploughing (only 56 individu-
als, 4%), while the number was even lower in the other variants. In September, the abun-
dance of carabids was very low, with a maximum catch of 10 individuals identified in the
field where glyphosate was applied.
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Figure 1. Number of members of the family Carabidae captured on fields with different pre-sowing interventions in the
fields with different pre-sowing activities (values marked with the same letter do not differ significantly (p > 0.05; HSD =

2.01)).

Overall, the abundance of carabids was lowest in fields where ploughing and under-
mining occurred before soybeans were sown. This result is confirmed by the studies of
Kromp (1999) [50] and Holland and Reynolds [60], who found that ploughing negatively
affected the abundance of Carabidae. Numerous previous studies observed higher cara-
bid catch rates in fields with reduced or no tillage compared to conventionally tilled fields
[58,69-74].

Catches of collected individuals of the Carabidae family were significantly (p > 0.05%)
affected by pre-sowing treatment (HSD = 1.87) and sampling period (HSD = 0.47) (Table
10). Pre-sowing treatment (i.e., tillage type) is responsible for the catch of Carabidae family
members in soybean. At the same time, the highest catches were recorded in April, so the
sampling period also has an effect on catch, as does the interaction between pre-sowing
treatment and sampling date (HSD = 2.01). The highest abundance of ground beetles in
Poland is in early spring (May) [64], which is consistent with our results of highest catches
in April due to the shift in climatic conditions. Drmi¢ et al. [75] found that endogenous
ground beetle species are active throughout the growing season, which is probably due
to the more stable conditions in the lower soil layers.

Table 10. Factorial analysis of the total capture of members of the family Carabidae.

Source of Variation df p HSD
Total 107
Rep 5
Pre-sowing intervention (A) 5 0.0001 1.87
Sampling period (B) 2 0.0001 0.47
AxB 10 0.0001 2.01
Error 85

Overall, the recorded members of the family Carabidae belong to 18 species and three
genera, although individuals of the genera Amara sp., Bembidion sp. and Harpalus sp. were
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not identified to species level. The species richness of Carabidae was studied in Croatia in
fields with maize [76,77], barley [78], sugar beet [79], rapeseed [80] and winter wheat [70],
as well as in intensively cultivated fields [57]. The number of established species in their
studies varied from eight [79] to 72 [80]. The reported studies focused on the dependence
of faunal composition on different regions [76,77], crops [78,79], different cropping meth-
ods [78-80] and/or tillage practices [57]. In our study, the most numerous species were
Carabus cancellatus tibiscinus, Poecilus cupreus and Brachinus psophia. Poecilus cupreus and
Brachinus psophia are also mentioned as important and numerous species by other authors
in their studies.

With this study, we obtained the results on the effects of pre-sowing interventions on
the soil fauna of soybean, where climatic conditions and sampling time had an influence
on the number and composition of the fauna studied. Multi-year studies are needed to
obtain clearer data on the effects of treatment and other treatments (pesticides) on soil
fauna abundance and composition. It appears that a reduction in mechanical activities in
the shallow seed layer of the soil has a positive effect on species richness or biodiversity.
Particularly noteworthy is the large proportion of natural enemies that currently colonise
the study area, characterising the soil richness and stable natural equilibrium.

4. Conclusions

The composition of the soil fauna, according to the influence of the organisms on
agriculture, is 84% beneficial fauna, 8% agricultural pests and 8% indifferent fauna. Over-
all, 47% of the total individuals of beneficial fauna collected were spiders, which are the
most abundant predators in the soil layer and can play an important role in reducing pest
population in large numbers. Bioindicator species such as ground beetles have not re-
ceived much attention from researchers in Croatia, although they can indicate anthropo-
genically influenced field quality. In this study, we gained detailed knowledge about their
community in a specific agricultural landscape in central Croatia. In modern agriculture,
conservation programs are promoted to preserve useful species and biodiversity as a
means to ensure sustainability.

The number of total fauna collected was influenced by the interaction between pre-
sowing intervention and sampling date. Pre-seeding interventions (such as cover crops,
glyphosate application, and mulching) that did not involve soil activities did not affect
the number and composition of soil fauna in the beginning of the vegetation. Mechanical
intervention in the soil and warmer and drier weather (summer/fall) have a negative effect
on the number and composition of soil fauna. As the season progresses, the influence of
pre-sowing activities on soil fauna in soybean production decreases.

There are two main reasons for the difficulty in relating soil fauna activities to eco-
system and agricultural services: first, the top-down effects of management, especially in
agricultural systems; second, the specificity of soil processes. In highly diverse communi-
ties, the abundance of specific soil fauna members’ effects is masked by the other biotic
events that contribute to the same properties and processes in soil (e.g., weather condi-
tions. Many processes created by soil fauna (predation, symbiosis, mutualism, etc.) have
dynamics that can nullify the signal of the soil intervention effects studied during one
soybean season.

However, the results of this study contributed significantly to a better understanding
of the baseline situation about soil fauna communities in an intensive agricultural land-
scape and will be a good starting point for future studies and conservation programs.
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