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Abstract. The aim of this study was to assess the effect of ecological and integrated farming on the
occurrence of epigeic animal groups. The earth trap method was used, were exposed in Pisum sativum
and Hordeum vulgare. The experiment was performed from 2015 to 2017 at the research fields of the
Plant Biology and Ecology Centre in Nitra. During the three-year period, 11,866 exemplars were
collected from 21 taxonomic groups. Under integrated farming of 5,456 exemplars belonging to 20
groups were collected, in the ecological farming of 6,410 exemplars belonging to 19 groups were
collected. The decreasing tendency of abundance in most groups was recorded. Both types of farming
showed the Coleoptera, Acarina, Araneida, Collembola as the highly dominant groups. The Opilionida
occurred subdominantly. The occurrence of others was recedent or subrecedent. The presence of these
animal groups in the agroecosystem increases its biodiversity. The impact of cultivated crops, temperature
and type of farming on occurrence of animal epigeic groups was significant. The impact of precipitation
was non-significant. The faunistic similarity was of 85.71%, the identity of dominancy was of 95.57%.
The highest value of diversity was recorded in the integrated farming with Pisum sativum, in ecological
farming with Hordeum vulgare.
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Introduction

The soil is an important natural resource, and few phenomena on our planet match
the complexities of the processes in it. Farming is the most widely used environ
technology with its positive and negative impacts on the land. The agricultural land is a
type of modified land with a significant human influence and with a disturbed course of
natural processes. Biodiversity loss, an important consequence of agricultural
intensification, can lead to reductions in agroecosystem functions and services.
Increasing crop diversity through rotation may alleviate these negative consequences by
restoring positive aboveground-belowground interactions. Compared to the natural
ecosystems, in agroecosystems the biodiversity is more reduced (Tieman et al., 2015),
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but according to Baranova et al. (2015) the artificial habitats often provides the shelter
of biodiversity in anthropogenic land, because of its valuable natural biotope analogs.

One of the indicators reflecting the biotope burden is soil edaphone, which is an
important component of biocoenosis and an important bioindicator of environmental
quality. FazekaSova and Bobul'ovska (2012) reported that communities of soil organism
play an irreplaceable role in decomposition of organic matter, in cycle of biogenic
elements of carbon, nitrogen, sulfur, phosphorus, in transformation and degradation of
waste and toxic substances, etc. and its presence is irreplaceable. Afterwards, the impact
of soil organisms becomes a key component of the strategy leading to the sustainability
of the soil ecosystem. The biodiversity of epigeic groups, including its abundance in
soil, directly depends on the abiotic and biotic factors that are typical of the biotope. In
the agroecosystems, in addition to the natural factors, there is also a strong human
impact, such as soil cultivation, crop rotation, cultivated crop, organic and artificial
fertilizer inputs, and more. These interventions affect the level of agroecosystems
biodiversity and contributes mainly to the reduction of the edaphic groups abundance
(Baranova et al., 2013; Porhajasové et al., 2013).

In general, floristic and faunistic biodiversity in ecological farming systems is higher
than in integrated systems. However, if integrated systems are well managed, it can also
improve the biodiversity in agricultural areas (Bavec and Bavec, 2014; Dobrovodska et
al., 2019).

The aim of this study was to asses the epigeic groups biodiversity in stands of
Pisum sativum and Hordeum vulgare cultivated under the conditions of ecological and
integrated farming.

Materials and methods (Experimental)

The collection of epigeic material was carried out by the earth traps method in 2015
to 2017 during the growing season (April to October) in stands of Pisum sativum and
Hordeum vulgare cultivated under the conditions of ecological and integrated farming.
Both types of management are governed by the following principles. Integrated
management is based on ensuring sustainable management, achieving higher quality
yields without burdening the environment, maintaining or improving soil fertility, a
consistent system approach to all cultivation technology to optimize the economic and
environmental aspects of production. Organic farming is based on the assumption that
crops use natural resources, for example to combat pests, maintain or increase soil
fertility, etc. Without resorting to synthetic chemicals such as fertilizers, pesticides,
antibiotics, and without the use of any organisms that have been genetically modified.
In this way, more natural, healthier and nutritious foods are obtained. In addition, it
helps to achieve greater environmental sustainability, with minimal impact on the
environment. One earth trap was located in the center of the plot is exposed in the crops
under investigation. A solution of 4% formaldehyde was used as a fixing liquid. Traps
were collected at monthly intervals (once a month), the collected biological material
was determined in the department's conditions according to keys (Hurka, 1996;
Pokorny, 2002, 2004).

Epigeic groups of monitored agroecosystems were evaluated on the basis of
abundance, dominance and species identity according to Jaccard (IA), dominance
identity according to Renkonnen and on the basis of diversity degree according to
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Shannon-Weaver (H") (Losos et al., 1994). Prediction of the richness of edaphic animal
species was performed and the homeostasis of agroecosystems was evaluated.

Study area

The monitored area is located in the western part of the Zitava upland on the site of
Nitra — Dolna Malanta (research fields of the Plant Biology and Ecology Centre, the
Faculty of Agrobiology and Food Resources of the Slovak University of Agriculture,
GPS 48°31" N, 18°14E) in the lower part of the Selenec stream and its tributaries
(Hrnéiarova, 2001), (Fig. 1). The altitude of monitored area is of 175 to 180 m above
sea level.

Slovak Republic

Figure 1. Map of study area — Dolna Malanta

The research was performed in stands of Pisum sativum and Hordeum vulgare
cultivated under the conditions of ecological and integrated farming. Legumes have a
lower autoregulatory and compensatory ability than cereals. Therefore, good soil
preparation, soil types and agroecological conditions play an important role in pea
cultivation technology (Candrakova, 2014; Cerny et al., 2017).

Data analyses

Diversity and equitability were calculated using the Shannon Diversity Index — H' by
PAST software (Hammer, 2015).

The prediction — rarefaction of the richness of edaphic animal groups was performed
by the PAST software using a confidence interval of 95% based on the amount of
caught dragonfly material in the Pisum sativum and Hordeum vulgare stands cultivated
under the conditions of ecological and integrated farming.

The data distribution normality of the individuals of animal epigeic groups from
monitored areas was tested by the Shapiro-Wilks W test. Due to the violation of the data
distribution normality, non-parametric tests — Friedman (ANOVA) and Kruskal-Wallis
test (ANOVA) were used to Ho hypotheses testing. We observed the influence of factors
(temperature, total rainfall, management (integrated, ecological), type of cultivated crop
(Pisum sativum, Hordeum vulgare)) on the number of individuals of individual epigeic
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groups. Post hot test (LSD test) we added statistical significance of pairs in combination
year, farming, plant in Friedman's test. Ho hypotheses were tested at the significance
level of pa = 0.05 (if p > pa, we cannot reject Ho at the level of selected statistical
significance of pa = 0.05) (i) random selection comes from a normal distribution file,
(if) the number of individuals of the animal epigeic groups does not differ due to the
type of farming and the type of crop cultivated, (iii) the average monthly temperature
had not an effect on the number of individuals in the animal epigeic groups, (iiii) the
average monthly precipitation had not an effect on the number of individuals in the
animal epigeic groups. The data matrix with the number of individuals of the all animal
epigeic groups was used.

To the data analysis the statistical program Statistics Cz, version 7.0 was used
(StatSoft, Inc.).

Results and Discussion

The exemplars of 11,866 pieces of the animal epigeic groups belonging to 21
taxonomic groups, which are part of the zoological taxonomic unit Arthropoda, during
the three-year period were collected. Of the number of individuals obtained, 5,456
individuals belonging to 20 groups were collected within under the integrated farming
conditions. Exemplars of 6,410 pieces belonging to 19 taxonomic groups were collected
in the ecological farming (Tables 1, 2). Muridae and Larvae were not further
determined, it represented the developmental stages of the epigeic groups present.

Table 1. Integrated farming — abundance and dominance of animal epigeic groups in Pisum
sativum and Hordeum vulgare stands

Pisum sativum Hordeum vulgare
Epigeic group
2015 | 2016 | 2017 | >** | D*(%) | 2015 | 2016 | 2017 | Y ** | D*(%) | >** | D*(%)
Anura 2 - - 2 0.08 4 - - 4 0.13 6 0.11
Acarina 565 222 144 931 37.16 | 524 372 54 950 32.19 | 1881 34.47
Araneida 112 46 86 244 9.74 128 43 56 227 7.69 | 471 8.63
Auchenorrhyncha 8 5 4 17 0.67 7 4 6 17 0.58 34 0.65

Coleoptera 2719 337 327 943 3766 | 521 407 191 1119 37.94 | 2062 37.79
Collembola 53 35 14 102 4.07 116 150 23 289  9.79 391 7.16
Dermaptera 14 - 15 29 1.17 13 11 11 35 1.18 64 1.17
Diplopoda 18 13 14 45 1.78 20 26 8 54 1.84 99 1.83
Diptera 2 4 7 0.29 8 3 14 0.47 21 0.38
2 42 1.67 40 15 - 55 1.86 97 1.78
6 15 0.58 12
3
3

w

1
Formicoidea 33 7
7

Hymenoptera 2 6 6 24 0.81 39 0.73
Chilopoda | 4 - 7 028 3 3 8 027 | 15 027
Isopoda 8 7 18 075 7 4 13 044 | 3L 057
Lacertidae - 1 - 1 0.04 - - - - - 1 0.01
Larvae 3 2 5 10 0.39 3 6 17 0.57 27 049

Lumbricidae 5 8 032 | 6 2 - 8 028 |16 028
Opilionida | 17 22 45 84 335 | 31 26 60 117 396 | 201  3.68

e 1122 | 710 | 673 2505 | 100 | 1442 | 1078 | 431 [2951| 100 |5456| 100

(D* — dominance; > ** - total)
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Table 2. Ecological farming — abundance and dominance of animal epigeic groups in Pisum
sativum and Hordeum vulgare stands

o Pisum sativum Hordeum vulgare
Epigeic group

2015 | 2016 | 2017 | y*#+ | D*(%) | 2015 | 2016 | 2017 | y*+ | D*(%) | x** | D*(%)
Acarina 763 321 116 1200 3219 | 569 372 119 1060 3951 |2260 35.26
Araneida 150 32 47 238 638 | 123 29 44 106 731 | 434 677
Auchenorrhyncha | 2 - 3 5 0.13 3 6 6 15 0.57 20 0.31
Coleoptera | 955 416 359 1730 4642 | 252 412 189 853 3179 |2583 40.29
Collembola 91 110 11 212 568 | 8. 99 28 208 775 | 420 6.55
Dermaptera 11 8 41 60 1.61 8 43 51 1.9 111 1.73
Diplopoda 18 11 10 39 107 | 22 21 6 49 183 | 88 137
Diptera 4 5 1 10 027 | 9 6 5 20 075 | 30 047
Formicoidea | 41 4 10 55 147 | 18 21 16 55 205 | 110 172
Heteroptera - - - - - - 3 - 3 0.11 3 0.05
Hymenoptera 4 5 4 13 0.35 7 6 13 26 0.98 39 0.61
Chilopoda 2 - - 2 005 | - - 5 5 018 | 7 011
Isopoda 4 5 2 11 029 | 9 3 2 14 052 | 25 039
Larvae 8 1 4 13 035 | 6 3 4 13 048 | 26 041
Lumbricidae 9 4 1 14 0.38 3 4 - 7 0.25 21 0.32
Opilionida 38 38 34 110 295 | 25 33 40 98 365 | 208 3.24
Orthoptera 4 - 3 7 0.18 - 4 - 4 0.15 11 0.17
Siphonaptera - 8 - 8 0.23 - 6 - 6 0.22 14 023
Y 2113 | 968 | 646 [3727| 100 | 1135 | 1028 | 520 | 2683 | 100 |e410] 100

(D* — dominance; > ** - total)

Acarina and Coleoptera were assessed as an eudominant groups in both types of
farming and in both crops cultivated. Araneida and Collembola were dominant
(Tables 1, 2). With integrated farming in stands of Pisum sativum, the dominant group
was Araneida. In the Hordeum vulgare stands the Araneida and Collembola were
dominant. With ecological farming, the Araneida and Collembola groups were
dominant in both crops cultivated. The occurrence of Acarina is limited by many
factors, especially by its dependence on the substrate type. Gormsen et al. (2006) states
that the ending of agricultural measures, i.e. soil management is associated with an
increase of the Acarina population. Fox et al. (2017) confirmed the increase of Acarina
abundance in soil with application of organic fertilizers. Authors also confirmed higher
number of Acarina in soil with shallow ploughing than in soil with deep ploughing
applied. According to Boha¢ et al. (2015), the Coleoptera represents a large and
functionally dominant group of soil macrofauna, which sensitively reacts to
anthropogenic activity in forest but also in non-forest habitats. Coleoptera, especially
Carabidae, represent an important bioindicating organisms in both artificial and natural
ecosystems. Authors Tieman et al. (2015) and Vician et al. (2011, 2018) state that the
main factors affecting the diversity of its communities are elements of environment
such as vegetation, humidity, temperature and shadow. Migration of Coleoptera is
significantly affected by microclimatic conditions of the habitat. According to Baranova
et al. (2013), the species variability of Carabidae (Coleoptera) is mainly influenced by
soil moisture, herbal stratum of 0-200 mm, intensity of agrotechnical interventions and
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humus content. Carabidae (Coleoptera) react sensitively to the toxic substances
(herbicides, insecticides), pH change and soil moisture and to the excessive use of
artificial fertilizers (Vician et al., 2011; Tieman et al., 2015; Nietupski et al., 2015). In
agroecosystems, macropterous species of Carabidae (Coleoptera) with a smaller body
size are predominate. It is an indicator of lower ecological stability of the
agroecosystems (Langraf et al., 2017, 2018, 2019). The abundance of Araneida and
Collembola was almost equal in both monitored types of farming. According to Vician
et al. (2015), the arachnocenosis are most sensitive to insecticide application and soil
cultivation. During the monitored years, the abundance of Araneida and Collembola in
both cultivated crops decreased. The most frequent occurrence of these groups was
recorded in 2015, which is probably related to the appropriate climatic conditions of the
environment (temperature and precipitation). In the integrated farming system, reducing
the number of agrotechnical interventions affects the increase of Araneida and
Coleoptera abundance. The population of Collembola varies in abundance and species
representation, depending on the type of vegetation and soil conditions. The impact of
agricultural management, such as crop harvesting, insecticide and herbicide application
and conventional ploughing, has a significant negative effect on the occurrence of
Collembola, but the application of organic fertilizers has a positive effect on the
increase of its populations (Querner et al., 2008; Jasinski et al., 2016). The subdominant
representation in both types of crops and in both types of farming was recorded with
Opilionida. Recedent representation was recorded with groups of Dermaptera,
Diplopoda and Formicoidea. The others groups were subrecedent. Even though its low
presence, its importance in ecosystems is irreplaceable (e.g. Heteroptera are involved in
the elimination of acarinocenoses and Thysanoptera, Orthoptera regulates insect pests,
Diplopoda are an important saprophytophages, Dermaptera performs the function as a
saprophages to polyphagous nocturnal insects). Presence of this epigeic groups
contributes to the biodiversity of agroecosystems and also to its ecological stability. It
showed that also intensively exploited agroecosystems allow the existence of a
relatively wide range of zoofauna. Recorded epigeic groups represents a diversified
component of soil fauna. These groups are characterized by different adaptations to the
soil environment and different sensitivity to the stress (Porhajasova et al., 2012). The
abundance and biodiversity of these epigeic groups supports the natural conditions of
ecosystems (Kalivoda et al., 2010; Swaminathan, 2014). According to Lenoir and
Lennartsson (2010) believe that the high abundance and dominance of Coleoptera,
Araneida and Formicoidae in agroecosystems is mainly related to its trophic preference
and tolerance to the soil environment.

In addition to the quantitative evaluation of the obtained epigeic material, qualitative
indicators were identified. The qualitative composition of populations influences mainly
the vegetation cover, abiotic and biotic environmental factors in the form of intra-
species and inter-species relationships which depends on environmental conditions.

Based on the calculated values of faunistic similarity (85.71%), when two types of
farming were compared, it can be stated that the ecological and integrated farming are
the similar types of ecosystems.

Based on the dominance of populations mutual in both cultivation systems, the
dominance identity value was of 95.57%.

The diversity value in the Pisum sativum stands cultivated under the conditions of
integrated farming was of H = 2.61 (H'min = 2.56, H'max = 2.65), in the ecological
farming it was of H" = 2.40 (H'min = 2.36, H 'max = 2.44). In the stands of
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Hordeum vulgare, the value of diversity in integrated farming reached of H™ = 2.62
(H'min = 2.57, H'max = 2.66), in ecological farming it was of H" = 2.67 (H 'min = 2.61,
H 'max = 2.71).

The equitability value is in the range of e = 0 — 1, more balanced communities has an
equitability value reaching of 1. The value of equitability in the Pisum sativum
integrated cultivation system was of e = 0.68, in the Hordeum vulgare e = 0.69; in
ecological cultivation system of Pisum sativum e = 0.63, in Hordeum vulgare e = 0.70.
The equitability values are relatively low, reflecting imbalances number of specimens
represented by individual taxa.

On the basis of the total species richness of the taxa of all the areas studied (the
number of individuals), the prediction of the richness of animal epigeic groups of the
monitored areas was predicted by the individual rarefraction with confidence interval of
95% (Fig. 2).

400 800 1200 1600 2000 2400 2500 3200 3600
Specimens

Figure 2. Rarefaction curves of prediction of animal epigeic groups in integrated Pisum
sativum (lok 1), Hordeum vulgare (lok 2) and ecological farming Pisum sativum (lok 3) a
Hordeum vulgare (lok 4)

The length of the rarefaction curve is a reflection of row saturation and prediction
confidence. The cultivated area of Pisum sativum under the ecological farming (N =
3,727 individuals, 17 animal groups, predicted 18) had the longest rarefaction curve,
indicating a greater predictive value for the prediction. According to experimental
results, this site had the most complete spectrum of animal epigeic groups. Locations in
stands of Pisum sativum (N = 2,505 individuals, confirmed 17, predicted 17 animal
groups) and Hordeum vulgare (N = 2,951 individuals, confirmed 16, predicted 17
animal groups) with integrated farming and locality in stands of Hordeum vulgare (N =
2,683 individuals, confirmed 18, predicted 19 animal epigeic groups) with ecological
farming were characterized by a short rarefaction curves, reflecting a reserve in animal
epigeic saturation and a higher degree of prediction uncertainty. According to Litavsky
et al. (2018), Vician et al. (2015) and Filho et al. (2016) reported that the presence of
epigeic groups in the soil in different types of ecosystems is mainly related to its trophic
preference, but also to its tolerance to particular habitat conditions.
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Using the non-parametric Friedman test, the effect of the farming method and the
type of cultivated crop on the number of individuals of the animal epigeic groups was
tested (HO: the number of individuals of animal epigeic groups was not differ due to the
type of farming and type of cultivated crop, pa = 0.05). The result of the test is of
p =0.00, HO is rejected at a significance level of 95%. Our experimental data showed
that the farming and crop cultivated type had an impact on the number of individuals of
animal epigeic groups (Fig. 3).

F(2,195)=1,29536, p=,00000
200

150 T

100 1T T
k) _ -
: T == year 2015
S year
5 O- \< -+ year 2016
£ L i ear 2017

50 =-C SRy
o -
0 - T - 4
-50
Integrated agr. Organic far. Integrated agr. Organic far.
Pisum sativum Hordeum vulgare

Figure 3. Impact of farming and crop cultivated type on the number of individuals of animal
epigeic groups

By the Post hot test we have identified which management pairs differ at the level of
statistical significance (pa = 0.05) during the years 2015 - 2017 (p < 0.05). The results
are shown in Table 3.

In the stands of Pisum sativum cultivated under the conditions of ecological farming,
an average number of individuals was higher than in the same crop cultivated under the
conditions of integrated farming. However, in the stands of Hordeum vulgare cultivated
under the conditions of integrated farming, an average number of individuals was
higher.

In view of the impact of the cultivated crop (Pisum sativum, Hordeum vulgare) on
the occurrence of animal epigeic groups, it is mainly the creation of suitable conditions,
shading, moisture, realized agrotechnical interventions during crop cultivation, etc.

Using the non-parametric Kruskal-Wallis test, the effect of the average monthly
temperature on the number of individuals of animal epigeic groups was tested (HO: the
average monthly temperature had not an effect on the number of individuals of animal
epigeic groups, pa = 0.05). The result of the test is of p = 0.01, HO is rejected at a
significance level of 95%. Our experimental data showed that the average monthly
temperature had an impact on the number of individuals of animal epigeic groups
during the research period (Fig. 4).
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Table 3. Results of Post hot test
1 [ 2 [ 3] 4 ] 5 ] 6 [ 7 | 8 | 9 [ 10 11 ] 12
1 - 069 003 092 005 09 079 08 005 039 005 042
2 0.69 - 048 077 036 065 050 055 033 002 032 002
3 0.03 048 - 032 010 024 016 019 009 005 009 005
4 092 077 032 - 054 087 071 077 051 003 049 004
5 005 036 010 0.54 - 064 079 074 09 071 094 078
6 096 065 024 087 064 - 083 08 061 004 059 005
7 005 050 016 071 079 083 - 094 076 054 073 0.58
8 08 055 019 077 074 089 094 - 070 004 068 0.05
9 005 033 009 051 09 061 076 070 - 076 097 0.82
10 039 002 005 003 073 004 054 004 076 - 079 094
11 005 032 009 049 094 059 073 068 097 079 - 0.84
12 042 002 005 004 078 005 058 005 08 094 084 -

Comments: 1 = the year 2015, integrated farming, Pisum sativum; 2 = the year 2015, integrated
farming, Hordeum vulgare; 3 = the year 2015, ecological farming, Pisum sativum; 4 = the year 2015,
ecological farming, Hordeum vulgare; 5 = the year 2016, integrated farming, Pisum sativum; 6 = the
year 2015, integrated farming, Hordeum vulgare; 7 = the year 2016, ecological farming, Pisum sativum;
8 = the year 2016, ecological farming, Hordeum vulgare; 9 = the year 2017, integrated farming, Pisum
sativum; 10 = the year 2017, integrated farming, Hordeum vulgare; 11 = the year 2017, ecological
farming, Pisum sativum; 12 = the year 2017, ecological farming, Hordeum vulgare

60
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Figure 4. Impact of average monthly temperature on the number of individuals of animal
epigeic groups

The impact of the average monthly precipitation on the number of individuals of
animal epigeic groups (HO: average monthly precipitation had not an effect on the
number of individuals of animal epigeic groups, pa = 0.05) was also tested by the
Kruskal-Wallis test. The result of the test is of p = 0.34, HO is not rejected at a
significance level of 95%. Our experimental data showed that the average monthly
precipitation had not an impact on the number of individuals of animal epigeic groups
during the research period (Fig. 5).
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Figure 5. Impact of average monthly precipitation on the number of individuals of animal
epigeic groups

Conclusions

The impact of two types of farming, integrated and ecological, on the occurence of
animal epigeic groups was monitored during the three-year period. The individuals of
11,866 pieces belonging to 21 taxonomic groups were collected. Within the integrated
farming of 5,456 individuals, with the determination of 20 groups, within the ecological
farming of 6,410 individuals belonging to 19 groups. Coleoptera, Acarina, Araneida and
Collembola were dominant in the both types of farming. The occurrence of Opilionida
was subdominant. The occurrence of Dermaptera, Diplopoda, Formicoidea, Isopoda,
Lumbricidae and others was evaluated as recedent and subrecedent. The impact of
cultivated crop, temperature and the type of farming on animal epigeic groups was
significant. The impact of precipitation was non-significant. According to different
types of farming comparison, the faunistic similarity was of 85.71%, the dominance
identity of 95.57%. The higher value of diversity was recorded in integrated farming
with Pisum sativum, in ecological farming with Hordeum vulgare. In conclusion, the
abiotic and biotic environmental factors had an effect on the qualitative composition of
present animal populations.
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