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Abstract: Soil is one of the most important, non-renewable natural resources of humans. People use
soils for food production, thus maintaining soil health is crucial. Farming systems have a tremen-
dous impact on soil biota. Effects can be negative and positive. Less intensive farming (e.g., organic
and permaculture) is known to be more favorable for soil life while intensive farms known for their
negative effects. Our aim was to compare different farming systems based on the density of earth-
worms. Fifteen small-scale (0.3-2 ha) farms in Hungary with similar agroecological features were
selected for comparison. All of them are horticultural farms with diverse crops in the crop rotation,
the only difference is the farming systems, i.e., one intensive (conventional), and two extensive types
(organic and permaculture). Earthworms were sampled in May and September 2020, six replicates
on each site, by hand sorting of 25 x 25 x 25 cm soil blocks. In May, abundance of earthworms were
significantly higher in case of permaculture farms compared to organic and also conventional farms.
However, we did not find significant differences in earthworm abundance in September. Earth-
worm species number was signicantly higher in permaculture farms in May however there was no
significant difference in September. We did not find significant differences regarding Shannon di-
versity indices. Based on our soil-wise experiences it is of great importance to know as much soil
information as possible (i.e., soil thickness, soil organic matter content, texture, soil management,
fertilizers used, soil moisture content at the time of the counting, soil cover etc.) for considering
earthworms data as good indicator for soil quality assessment.
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1. Introduction

The concept of ecosystem service evaluation of the natural environment is used
worldwide [1-5], just as well as in Hungary [6]. Soil provides vital ecosystem services for
humans, e.g., climate regulation [7], carbon storage [8,9], nutrient and water cycling [10],
etc. Modification of potential production capabilities has always been an important topic
[11,12]. Despite its crucial role, the soil is still less appreciated and it is not managed re-
sponsibly [13,14], even though there have been researches and monitoring dealing with
the evaluation of systems and the possible positive soil quality change, e.g., after the aban-
donment of arable fields [15-23].
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The assessment of the multiple contributions of soils to ecosystem services delivery
has been investigated by some authors [24-28].

Using earthworms as indicators, it is worth mentioning that soil moisture plays a
crucial role in their suitability as indicators. Earthworms are important part of the soil
biota [29,30] they are also called soil ecosystem engineers as they contribute to soil for-
mation. But they are also key elements in soil food web, in nutrient cycling and decompo-
sition processes [31]. This is why we often use them as indicators for soil health [32,33].

Farm management, mostly soil cultivation [34] can greatly influence soil biota and
functioning [35-38]. Inadequate soil management can cause compaction [39] and lower
water holding capacity. Thus, in a managed agro-ecosystem, like horticulture farms, good
soil quality depends on the farmer to a great extent [40]. The objective of our study was to
compare different horticultural farms regarding earthworms abundance and diversity to
see how the different farming systems (conventional, organic and permaculture) affect the
results and which provides more ideal conditions for earthworms. The main considera-
tion was that scientific knowledge on permaculture systems in regards to biodiversity in-
dicators is missing. Our preliminary hypothesis was that permaculture farms provide the
most ideal conditions and have the highest abundance and diversity of earthworms, while
conventional have the least.

2. Experiments
2.1. The Study Sites

Fifteen sites, 5 conventional (K), 5 organic (B) and 5 permaculture farms (P) in Hun-
gary were selected with similar size (0.3-2 hectares) and agro-ecological features, horti-

cultural production with diverse crop rotation (Figure 1). All farms are small scale, with
direct marketing to customers.
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Figure 1. Location of the studied sites (green points: permaculture, yellow: organic, red: conven-
tional farms) (Google Earth Pro 2020, own editing).

Permaculture farming is a complex design system that goes beyond the principles of
organic farming and creates a sustainable human environment [41]. Permaculture is not
only a set of practices or a cropping technique, it is a holistic approach to how practitioners
look at farming and their role in the ecosystem [42,43]. By organic—also known as biolog-
ical, ecological —farming we mean a complex farming alternative, which enables the pro-
duction of healthy food under environmentally friendly, strict conditions and controlled
conditions. Organic farming also builds on using natural processes, instead of substituting
them with external inputs while conventional farming aims to exclude or at least minimize
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the natural factors which affect their farming conditions by using external inputs, infra-
structures, etc. [44,45]. Conventional farming is a profit-oriented, intensive form of agricul-
ture, which relies primarily on the use of synthetic pesticides and fertilizers, and often
uses monoculture on large fields. Soil quality is an important focus of both extensive farm-
ing systems. In organic farming they try to improve and sustain soil quality by crop rota-
tion, adding organic manure instead of fertilizers [46], while in permaculture, farmers try
to minimize soil disturbance, cover the surface with mulch, use complex polycultures and
companion planting [47]. No-tillage is getting more acknowledged but it is still not a prev-
alent technique [48].

2.2. Used Methods

Earthworm population was assessed on the 21-23. of May and the 11-13. of Septem-
ber, 2020. Soil blocks (25 x 25 x 25 cm) were excavated in situ in six replicates at each site
on a plastic sheet and were thoroughly searched for the earthworms according to the ISO
23611-1:2006 [49]. The numbers were recorded, the biomass was measured and the earth-
worms were preserved in 70% ethanol, then placed in 4% formaldehyde solution for fixa-
tion, then stored in 70% ethanol for species identification. The earthworm species were
deteremined by the external and internal characteristics of earthworms, based on Csuzdi
and Zicsi [50] and Csuzdi [51]. Soil horizons and types were assessed by Piirckhauer type
core sampler (1 m depth) between 11-13 of September, 2020. All collected species pres-
ence-absence and abundance data were registered in matrices. We calculated species
number and Shannon diversity by all collected presence-absence and abundance data of
species on field. Residuals of every relationships between different categorical (type of
farms) and numeric factor (earthworm species numbers and abundances) variables were
checked for normality with Shapiro-Wilk normality test. TukeyHSD test was used for nor-
mally distributed residuals and in cases of non-normally distributed residuals, Kruskal-
Dunn’s posthoc test was applied to determine significant differences (p < 0.05) between
different type of farms. Every calculation were made in R 3.5.1. programming environ-
ment [52] by the 'PMCMR’, ‘PMCMRplus’ and the ‘vegan’ packages.

3. Results
3.1. Soil Characteristics

The soil type on most farms according to WRB [53] belongs to Luvisols (9 of 15) with
mostly shallow humus layer (Table 1), except for P3, B5 and K5 which are all located on
the Szentendre Island and close to Danube river (see Figure 1). B2 and P1 are Arenosols
with sandy texture and shallow humus layer. Bl and K1 farms are 100 m away from each
other at the same village, they are Chernozems with deep humus layer (50-58 cm). P5 and
K4 farms have Fluvisol type soil, P5 farm is very close to the Danube, while K4 is close to
Ipoly river with very deep humus layer (105 and 70 cm, respectively).

Table 1. Soil types and total thickness of all humus layers (based on their colors) in the studied
farms (P = permaculture; B = organic; K = conventional).

Farms Soil Type (WRB, 2015) Total Thickness of All Humus Layers (cm)
P1 Arenosol 0-30
P2 Luvisol 0-30
P3 Luvisol 0-67
P4 Luvisol 0-23
P5 Fluvisol 0-105
B1 Chernozem 0-58
B2 Arenosol 0-20
B3 Luvisol 0-41

B4 Luvisol 0-20
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3.2. Earthworm Abundance

In May 2020, the abundance of earthworms was significantly higher in case of per-
maculture farms compared to organic and also conventional farms (Figure 2a). However,
we did not find significant differences in earthworm abundance in September 2020 (Fig-
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Figure 2. Earthworm abundance (individual per m? in the upper 25 cm, n = 5) in the three farming system in May (a) and

September (b), 2020 (P = permaculture; B = organic; K = conventional).

3.3. Earthworm Diversity

Earthworm species number was signicantly higher in permaculture farms during
May sampling compared to organic and conventional farms (Figure 3a). Although, Shan-
non diversity was greatest in the permaculture farms, there were no significant differences
between the farming systems, while lowest Shannon value was found in organic farms

(Figure 3b).
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Figure 3. Earthworm species number (a) and Shannon diversity (b) in the three studied farming system (n = 5) in May,
2020 (P = permaculture; B = organic; K = conventional).

During September average of earthworm species number and Shannon diversity
were highest in permaculture farms (Table 2), however there were no significant differ-
ences between the farming systems niether in species number (Figure 4a), nor in Shannon

diversity (Figure 4b).
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Figure 4. Earthworm species number (a) and Shannon diversity (b) in the three studied farming system (1 = 5) in Septem-
ber, 2020 (P = permaculture; B = organic; K = conventional).

Table 2. Average (1 = 5) Shannon diversity and species number of the three studied farming sys-
tems with standard deviations in May and September, 2020 (P = permaculture; B = organic; K =
conventional).

Sampling date May May May September September September

Farming system P B K P B K
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Species number

(MEAN % SD)

320+0.84 120+130 140+134 3.00+x1.22 260+1.14 220+148

Shannon diversity

(MEAN % SD)

1.01+0.19 036+051 044+041 0.81+040 0.66+0.52 0.64+0.42

4. Discussion

Permaculture farm had the highest abundance of earthworms which was significant
in May. In previous studies, they also found higher earthworm abundance in no-tillage
compared to other tillage types [54,55]. Based on our soil-wise experiences it is of great
importance to know as much soil information as possible (i.e., soil thickness, soil organic
matter content, texture, soil management, fertilizers used, soil moisture content at the time
of the counting, soil cover etc.) for considering earthworms data as good indicator for soil
quality assessment. The importance of considering multiple soil factors are also empha-
sized in the literature [56,57]. In our pilot study, we have found similar patterns in 2019,
based on three farms [58] which is in line with what we explored in soil quality during
sustainability assessment of permaculture farms comapered to organic and conventional
farms [59]. The relatively low sample size (15 farms, 5-5 farm from each farm type) is an
issue for the statistical analysis and our analyes showed that with a greater sample size
and a more robust database we could have probably found more significant statistical
results.

5. Conclusions

Ecosystem service is a good concept to promote what is the contribution of biodiver-
sity and ecosystems to human well-being, however, environmental factors must be ana-
lyzed carefully, as impact indicators are not always enough to explain differences stand-
alone. Our future goal is to analyse farm management and soil characteristics in detail
when we have all other relevant information and also to further explore connections of
soil biota characteristics to ecosystem service delivery.

Author Contributions: A.S., C.C. and P.N. conceived and designed the experiments; A.S. and E.P.
performed the experiments; B.S., A.S. and C.C. analyzed the data; Barbara Simon, A.S., E.P. and C.C.
wrote the paper. All authors have read and agreed to the published version of the manuscript.

Acknowledgments: We would like to thank for participating farmers for the opportunity to conduct
this research in their farms. We would also like to thank for Rébert Kun, his valuable contribution
to the statistical analysis. Supported by the UNKP-20-1-I New National Excellence Program of the
Ministry for Innovation and Technology from the source of the National Research, Development
and Innovation Fund.

Conflicts of Interest: The authors declare no conflict of interest. The founding sponsors had no role
in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript, and in the decision to publish the results.

Abbreviations

The following abbreviations are used in this manuscript: P: permaculture farm; B:
organic farm; K: conventional farm; SD: standard deviation.

MEA Millennium Ecosystem Assessment, Ecosystems and Human Wel-lbeing: Synthesis; World Resource Institute: Washington, DC,

Garbach, K; Milder, J.C.; Montenegro, M.; Karp, D.S.; De Clerck, F.A J. Biodiversity and Ecosystem Services in Agroecosystems.
Encycl. Agric. Food Syst. 2014, 2, 21-40.

Blanco-Canqui, H.; Shaver, T.M.; Lindquist, J.L.; Shapiro, C.A.; Elmore, R.W.; Francis, C.A.; Hergert, G.W. Cover crops and
ecosystem services: Insights from studies in temperate soils. Agron. |. 2015, 107, 2449-2474.

References
1.
USA, 2005.
2.
3.
4.

Schon, N.L.; Dominati, E.J. Valuing earthworm contribution to ecosystem services delivery. Ecosyst. Serv. 2020, 43, 101092.



Proceedings 2021, 68, x FOR PEER REVIEW 7 of 8

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

Burke, T.J.; Duncan, W.; Rowland, C.G.; Blackburn, A.; Abbatt, J. The influence of land cover data on farm-scale valuations of
natural capital. Ecosyst. Serv. 2020, 42, 101065.

Abram, O.; Bir6, Cs.; Morvai, E.; Kovécs, E. Ecosystem Services of Lake Kolon. In 26th International Poster Day; Celkova, A., Ed.;
Slovak Academy of Sciences: Bratislava, Slovakia; Institute of Hydrology: Location, 2019; pp. 13-19.

Malatinszky, A. Stakeholder perceptions of climate extremes’ effects on management of protected grasslands in a Central Eu-
ropean area. Weather. Soc. 2016, 8, 209-217.

Nel, L.; Centeri, Cs.; Kovacs, E. Mapping carbon storage on Szentendre Island, Hungary. In Soil’s Contribution to People: From
Food to Life Supporting Services: 9th ESSC International Congress, Book of Abstracts and Field excuRsion; Zdruli, P., Sallaku, F., Cos-
tantini, E., Dazzi, C., Eds.; Le Penseur: Napolj, Italy, 2019; p. 95.

Centeri, Cs.; Szabd, B.; Jakab, G.; Kovacs, J.; Madarasz, B.; Szab¢, J.; Toth, A.; Gelencsér, G.; Szalai, Z.; Vona, M. State of soil
carbon in Hungarian sites: Loss, pool and management. In Soil Carbon: Types, Management Practices and Environmental Benefits;
Margit, A., Ed.; Nova Science Publishers: New York, NY, USA, 2014; pp. 91-117.

Blouin, M.; Hodson, M.E.; Delgado, E.A.; Baker, G.; Brussard, L.; Butt, K.R.; Dai, J.; Dendooven, L.; Peres, G.; Tondoh, J.E; et al.
A review of earthworm impact on soil function and ecosystem services. Eur. J. Soil Sci. 2013, 64, 161-182.

Slamova, M.; Jakubec, B.; Hresko, J.; Belacek, B.; Gallay, I. Modification of the potential production capabilities of agricultural
terrace soils due to historical cultivation in the Budina cadastral area, Slovakia. Morav. Geogr. Rep. 2015, 23, 47-55.

Barczi, A; Angyén, J.; Podmaniczky, L.; Pirkd, B.; Joo, K.; Centeri, C.; Grénas, V.; Vona, M.; Pet6, A. Suggested landscape and
agri-environmental condition assessment. Tdjokoldgiai Lapok 2008, 6, 1-2, 77-94.

Centeri, C.; Csaszar, A. A talajképzd&dés és az erdzid altal kivaltott talajpusztulas kapcsolata a Tihanyi-félsziget példajan. Tdjoko-
légiai Lapok, 2004, 1, 81-85.

Vona, M.; Centeri, Cs.; Malatinszky, A.; Penksza, K. Felhagyott vagy extenziven miivelt szantdk kezelésének hatdsa a névény-
és talajtani viszonyokra a Putnoki-dombsagban. Természetvédelmi Kozlemények 2007, 13, 339-348.

Gronas, V.; Centeri, Cs.; Magyari, J.; Belényesi, M. Agrar-kornyezetgazdalkodasi programok hatasa a kijelolt mintateriiletek
foldhasznalatara és természeti értékeinek védelmére. Tdjokolégiai Lapok 2006, 4, 277-289.

Demény, K.; Centeri, Cs. Habitat loss, soil and vegetation degradation by land use change in the G6d6ll6 Hillside, Hungary.
Cereal Res. Commun. 2008, 36, 1739-1742.

Dominati, E.; Patterson, M.; Mackay, A. A framework for classifying and quantifying the natural capital and ecosystem services
of soils. Ecol. Econ. 2010, 69, 1858-1868.

Boecker, D.; Centeri, Cs.; Welp, G.; Moseler, B M. Parallels of secondary grassland succession and soil regeneration in a chron-
osequence of central-Hungarian old fields. Folia Geobot. 2015, 50, 91-106.

Frantal, B.; Greer-Wootten, B.; Klusacek, P.; Krej¢i, T.; Kung, J.; Martinat, S. Exploring Spatial Patterns of Urban Brownfields
Regeneration: The Case of Brno, Czech Republic. Cities 2015, 44, 9-18.

Adhikari, K.; Hartemink, A.E. Linking soils to ecosystem services— A global review. Geoderma 2016, 262, 101-111.

Liischer, G.; Ammari, Y.; Andriets, A.; Angelova, S.; Arndorfer, M.; Bailey, D.; Balazs, K.; Bogers, M.; Bunce, R.G.H., Choisis, J-
P.; et al. Farmland biodiversity and agricultural management on 237 farms in 13 European and two African regions. Ecology
2016, 97, 1625-1625.

Botos, A.; Téth, Cs. A.; Novak, T.J. Changes in soil characteristics after abandonment of cultivation on the mounds of Tiszantul.
Tajokolégiai Lapok 2019, 17, 23-31.

Molnar, D. Examination of geometric accuracy of the agricultural monitoring system by landscape-oriented remote sensing
methods. Tdjokoldgiai Lapok 2019, 17, 85-91.

Crossman, N.D.; Burkhard, B.; Nedkov, S.; Willemen, L.; Petz, K.; Palomo, I.; Drakou, E.G.; Martin-Lopez, B.; McPhearson, T.;
Boyanova, K,; et al. A blueprint for mapping and modelling ecosystem services. Ecosyst. Serv. 2013, 4, 4-14.

Calzolari, C.; Ungaro, F.; Filippi, N.; Guermandi, M.; Malucelli, F.; Marchi, N.; Staffilani, F.; Tarocco, P. A methodological frame-
work to assess the multiple contributions of soils to ecosystem services delivery at regional scale. Geoderma 2016, 261, 190-203.
Jénsson, J.O. G.; Davidsdottir, B. Classification and valuation of soil ecosystem services. Agric. Syst. 2016, 145, 24-38.

Baveye, P.C. Quantification of ecosystem services: Beyond all the “guesstimates”, how do we get real data? Ecosyst. Serv. 2017,
24, 47-49.

Chalhoub, M.; Gabrielle, B.; Tournebize, J.; Chaumont, C.; Maugis, P.; Girardin, C.; Montagne, D.; Baveye, P.C.; Garnier, P.
Direct measurement of selected soil services in a drained agricultural field: Methodology development and case study in Saclay
(France). Ecosyst. Serv. 2020, 42, 101088.

Horvath, E.; Centeri, C.; Biro, Z. Effects of game exclusion on plants and earthworms in the G6d 6116 Hillside Landscape Protec-
tion Area. In 25th International Poster Day; Celkova, A., ed.; Slovak Academy of Sciences: Bratislava, Slovakia; Institute of Hy-
drology: Location, 2018; pp. 14-20.

Knops, ].M.H.; Wedin, D.A_; Tilman, D. Biodiversity and decomposition in experimental grassland ecosystems. Fac. Publ. Biol.
Sci. 2001, 126, 429-433.

Potter, D.A.; Powell, A.J.; Smith, M.S. Degradation of turfgrass thatch by earthworms (Oligochaeta: Lumbricidae) and other soil
invertebrates. . Econ. Entomol. 1990, 83, 205-211.

Spurgeon, D.J; Keith, A.M.; Schmidt, O. Land-use and land-management change: Relationships with earthworm and fungi
communities and soil structural properties. BMIC Ecol. 2013, 13, 46.



Proceedings 2021, 68, x FOR PEER REVIEW 8 of 8

33.

34.
35.

36.
37.

38.

39.

40.

41.
42.

43.
44.

45.

46.

47.

48.

49.

50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

Drobnik, T.; Greiner, L.; Keller, A.; Grét-Regamey, A. Soil quality indicators—From soil functions to ecosystem services. Ecol.
Indic. 2018, 94, 151-169.

Birkas, M. Environmentally-Sound Adaptable Tillage; Akadémiai Kiadé: Budapest, Slovakia, 2008; 354p.

Bai, Z.; Dent, D.; Wu, Y.; de Jong, R. Land Degradation and Ecosystem Services. In: Ecosystem Services and Carbon Sequestration
in the Biosphere; Lal, R., Lorenz, K., Hiittl, R., Schneider, B., von Braun, J., Eds.; Springer: Dordrecht, Switzerland, 2013.

Dale, V.H.; Polasky, S. Measures of the effects of agricultural practices on ecosystem services. Ecol. Econ. 2007, 64, 286-296.
Kovacs-Hostyanszki, A.; Elek, Z.; Balazs, K.; Centeri, Cs.; Falusi, E.; Jeanneret, P.; Penksza, K.; Podmaniczky, L.; Szalkovszki,
L.; Baldi, A. Earthworms, spiders and bees as indicators of habitat quality and management in a low-input farming region— A
whole farm approach. Ecol. Indic. 2013, 33, 111-120.

Barrios, E. Soil biota, ecosystem services and land productivity. Ecol. Econ. 2007, 64, 269-285.

Belayneh, G.M.; Sebdk, A.; Waltner, I. A field-level study of soil penetration resistance, moisture content and infiltration. In
Water management: Focus on Climate Change. Jakab, G., Csengeri, E., Eds.; Szent Istvan Egyetem Ontozési és Vizgazdalkodasi
Intézet: Szarvas, Magyarorszag, 2020; pp. 24-29.

Bommarco, R.; Kleijn, D.; Potts, S.G. Ecological intensification: Harnessing ecosystem services for food security. Trends Ecol.
Evol. 2013, 28, 230-238.

Mollison, B. Permaculture, A Designer’s Manual; Tagari Publications, Sisters Creek, Australia, 1988; 565p.

Hathaway, M. Agroecology and permaculture: Addressing key ecological problems by rethinking and redesigning agricultural
systems. J. Environ. Stud. Sci. 2015, 6, 239-250.

Holmgren, D. Permaculture, Principles & Pathways beyond Sustainability; Permanent Publications: City, Hampshire, 2002; 286p.
Kremen, C.; Miles, A. Ecosystem services in biologically diversified versus conventional farming systems: Benefits, externalities,
and trade-offs. Ecol. Soc. 2012, 17, 1-25.

Sandhu, H.S.; Wratten, S.D.; Cullen, R.; Case, B. The future of farming: The value of ecosystem services in conventional and
organic arable land, an experimental approach. Ecol. Econ. 2008, 64, 835-848.

Gomiero, T.; Pimentel, D.; Paoletti, G.M. Environmental Impact of Different Agricultural Management Practices: Conventional
vs. Organic Agriculture. Crit. Rev. Plant Sci. 2011, 30, 95-124.

Tombeur, F.; Sohy, V.; Chenu, C.; Colinet, G.; Cornelis, J-T. Effects of permaculture practices on soil physicochemical properties
and organic matter distribution in aggregates: A case study of the Bec-Hellouin Farm (France). Front. Environ. Sci. 2018, 6, 116.
Ujj, A. Improvement of Soil Condition and Preceding Crop Effect by Catch Crops and Soil Conservation Tillage (A talajallapot
és az el6vetemény-hatas javitasa koztes védénovényekkel és kimélé miiveléssel). Ph.D. Thesis, Szent Istvan University, Go-
dolls, Hungary, 2006. (In Hungarian).

ISO 23611-1:2006 Soil Quality —Sampling of Soil Invertebrates—Part 1: Hand-Sorting and Formalin Extraction of Earthworms.
2006. Available online: https://www.iso.org/standard/36914.html (accessed on).

Csuzdi, C.; Zicsi, A. Earthworms of Hungary (Annelida: Oligochaeta, Lumbricidae). Pedozool. Hung. 2003, volume, page.
Csuzdi, C. Magyarorszag foldigiliszta-faunajanak attekintése (Oligochaete, Lumbricidae). (A review of the Hungarian earth-
worm fauna.) Allattani Kozlemények 2007, 92, 3-38. (In Hungarian).

R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: City, Vienna,
2018.

TUSS Working Group WRB. World Reference Base for Soil Resources 2014, Update 2015. International Soil Classification System
for Naming Soils and Creating Legends for Soil Maps. No. 106. FAO, Rome. World Soil Resources Reports 2015. Available online:
http://www .fao.org/3/a-i3794e.pdf (accessed on).

Dekemati, I.; Simon, B.; Vinogradov, S.; Birkas, M. The effects of various tillage treatments on soil physical properties, earth-
worm abundance and crop yield in Hungary. Soil Tillage Res. 2019, 194, 104334.

Gerard, B.M.; Hay, R K.M. The effect on earthworms of ploughing, tined cultivation, direct drilling and nitrogen in a barely
monoculture system. J. Agric. Sci. 1979, 93, 147-155.

Van Capelle, C.; Schrade, S.; Brunotte, J. Tillage-induced changes in the functional diversity of soil biota—a review with a focus
on German data. Eur. J. Soil Biol. 2012, 50, 165-181.

House, G.; Parmelee, R.W. Comparison of soil arthropods and earthworms from conventional and no-tillage agroecosystems.
Soil Tillage Res. 1985, 5, 351-360.

Szilagyi, A.; Horvath, E.; Nagy, P.; Simon, B.; Centeri, C. Earthworm and nematode populations in conventional, organic and
permaculture farms on Szentendre Island, Hungary: An explorative case study. In Proceedings of the 26th International Poster
Day and Institute of Hydrology Open Day, Bratislava, Slovakia, 6 November 2019; pp. 213-221.

Szilagyi, A.; Podmaniczky, L.; Mészaros, D. Environmental sustainability performance of conventional, organic and permacul-
ture farms. Tdjokoldgiai Lapok 2018, 16, 97-112.



