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Soil and soil biota are interrelated. Abundance, diversity, and activity of soil biota in soil are not randomly distributed; they vary to great
extent both horizontally and vertically, on micro and macro scale, across different landscapes and throughout soil profile. Complex
physical and chemical nature of soil, its porous structure, huge surface area and extremely variable supply of organic compounds, water
and nutrients provides large selection of habitats for many different organisms. Thus, the soil represents one of the most versatile
habitats on Earth, but yet one of the most poorly researched habitats of our planet.

Hidden from the human eye, the wellbeing of soil biota depends largely on the agricultural practices used. Agricultural activities such as
soil tillage, turning the soil while ploughing, fertilization, irrigation, using pesticides, planting hedges, tree lines or small forest, etc have a
very strong impact on soil biota, affecting the organisms living on the surface of the soil as well as underneath it. Agricultural activities
change the diversity of the ecosystem directly influencing the survival of individuals, or indirectly, changing the level of resources.
Earthworms are the most important invertebrates decomposing organic matter in the soil and at the same time connected to the
processes taking place in the ecosystem. There is a reciprocal connection between earthworm community and the soil environment; this
is based on several characteristics of earthworm community: they are in the first place in soil fauna for biomass, respiration intensity and
ability to improve the structure of the soil; they form a huge burrow system in the pedosphere which is very important habitat for other
biota in soil; earthworms play a determining role in the decomposition of organic matter (remains of plants etc); earthworms are also
important food web component in the food chain.

This study analyses the impact of three different types of soil management practices (ploughing, minimum tillage, no-tillage) on the
abundance and diversity of earthworms, and key soil factors that affect them. For study purposes, a number of production fields subject
to different soil management practices were analysed in 2019 (20 fields) and 2020 (10 fields).

Objective

Material and method Results Discussion
Earthworms were collected by sorting manually and using vermifuge method. Three
plots were installed in each field. The size of the plot is 50 x 50 x 40 cm. The soil taken
from the plot was put on top of plastic film and sorted by hand. The bottom of the
plots was treated with a 15% solution of mustard powder and the worms that
appeared on the bottom of the plots were picked. Alive earthworms were washed and
kept in the refrigerator for 48 hours on damp filter paper and afterwards the species
were identified. The abundance was calculated as an average of the blocks for one field
per 1m².

In every sample areas a composite soil sample was collected and phosphorus,
potassium, calcium and magnesium concentrations by the Mehlich-3 method were
determined. The soil pH was determined from a 1M KCl solution (1: 2.5) with a pH
meter. Soil microbial respiration rates (basal respiration) were measured using
manometric respirometers (Oxitop®, WTW) and microbial biomass was determined by
substrate-induced respiration. To determine the soil bulk density and volumetric water
content, samples were collected at a depth of 5-10 and 20-30 cm with 100 cm3 steel
rings. Soil core samples were then weighed and dried at 105° C for 24 h and reweighed.

Data analysis was performed using Microsoft Excel (mean values and standard
deviation) and STATISTICA 12.0 (nonparametric method: Spearman’s correlation). The
Shannon-Wiener Diversity Index ("H") was calculated using the PC-ORD program.
Canonical Correspondence Analysis (CCA) was used to analyse the data on invertebrate
communities with regard to environmental variables by using the CANOCO 4.52
program; the forward selection method with the Monte Carlo test (999 permutations)
available in the CANOCO software was used.

The analysis of the results indicated that average abundance and number of species of
earthworms was the largest in no-tillage fields (197.3±16.6 individuals per m2; 6.0±0.3
species, respectively) and the smallest in ploughed fields (67.9±18.7 individuals per
m2; 4.3±0.4 species, respectively). The Shannon-Wiener mean biodiversity index was
higher in no-tillage fields (1.141±0.109) and lowest in the field with minimised tillage
(0.819±0.112); in the ploughed fields, the Shannon-Wiener biodiversity index was
0.965±0.085. Among the earthworm life forms, soil cultivation (decrease in intensity in
a row ploughing> minimized tillage> no-tillage) had a positive effect on epigeic species
(R= 0.3850) and the proportion of dominant species (R= 0.5286), but also on species
Aporrectodea caliginosa (R= 0.5014), Lumbricus terrestris (R= 0.6986); Lumbricus
rubellus (R = 0.5888) and Lumbricus castaneus (R= 0.5092). The total soil microbial
respiration rates (basal respiration) was negatively (p <0.05) correlated with soil
cultivation (R= -0.4448). The mean total soil microbial respiration rates was highest in
ploughed fields (2.379±0.159 mg O2 kg-1 dry soil per hour), lowest in minimised tillage
fields (1.431±0.082 mg O2 kg-1 dry soil per hour); in the no-tillage fields, the average
soil microbial respiration rates was 1.805±0.159 (mg O2 kg-1 per dry soil per hour). No-
tillage fields had the greatest soil bulk density (1.42±0.04 g cm-3). The average soil
moisture (%) was highest in the field with no-tillage (30.4±2.7), the lowest in the field
with ploughing (19.4±2.3), in the field with minimised tillage the average soil moisture
was 26.4±2.2. Soil moisture had a positive effect on the abundance and number of
species of earthworms, but greater soil bulk density in no-tillage fields most likely
caused reduction in respiratory activity of microbial community, which was the highest
in ploughed fields, and the lowest in minimised tillage fields. This present study
indicates that no-tillage facilitates soil moisture, which is beneficial for the abundance
and number of species of earthworms. At the same time, lack of ploughing in no-tillage
fields increases soil bulk density, which reduces the availability of oxygen for microbial
communities.

About third of the Estonia territory (14 331 km2) forms arable land. Soil management
practices have significant impact on the functioning of agroecosystem and any
agricultural activity affects soil biota, incl. earthworms, to a greater or lesser extent.
Soil conditions determine the type and duration of crops that can be grown in that soil.

Thirteen earthworm species have been identified in Estonia, including species from the
genera Lumbricus, Allolobophora, Aporrectodea, Dendrobaena, Dendrodrilus, Eisenia,
Octolasion and Eiseniella with different tolerance to ecological factors and agricultural
management. Earthworms have been playing a key role in soil ecosystem. The specific
composition of an earthworm community is a good indicator of agricultural practice
intensity in the field. There is clear evidence that they can accelerate organic matter
decomposition and nutrient release in agroecosystems. They exert a controlling activity
through their strong interactions with microorganisms in the decomposition process.

The species that is the most tolerant to agricultural practice - Aporrectodea caliginosa -
was found in all studied fields, dominance of this species in field soil communities is
characteristic for Estonian soils. The endogeic species Aporrectodea rosea is also
ecologically tolerant and common in field soils having lower abundance. The epigeic
species Lumbricus rubellus, is also tolerate, but more affected by tillage and
agrochemicals. Anecic species like Lumbricus terrestris, Aporrectodea longa and
endogeic Allolobophora chlorotica are more sensitive to agricultural activities.

This present study indicates that no-tillage facilitates soil moisture, which is beneficial
for the abundance and number of species of earthworms. At the same time, lack of
ploughing in no-tillage fields increases soil bulk density, which reduces the availability
of oxygen for microbial communities. The literature shows that the use of no-tillage
improves soil characteristics, primarily by increasing the carbon content of the top
layer of soil and thus, soil productivity. Meanwhile, utilization of no-tillage may cause
problems in top layers of soil due to repeated contact with agricultural machinery and
absence of tillage, which compacts the soil over the years. That results in reduced soil
porosity and poor air and water regimen of the soil, which – in the long run – may
cause decrease in the abundance and diversity of soil biota.

Ordination triplots with environmental variables based on Canonical Correspondence Analyses
(CCA) of earthworm species. Eigenvalues of the first two axes are 52.4% and 48,7%; the sum of all
canonical eigenvalues is 0.300. P-ploughing; M- minimum tillage, NT-no-tillage. Abbreviations:
ACAL– Aporrectodea caliginosa , AROS – Aporrectodea rosea , ACHL – Allolobophora chlorotica ,
ALON – Aporrectodea longa, LRUB – Lumbricus rubellus, LTER – Lumbricus terrestris, LCAS –
Lumbricus castaneus , DOCT – Dendrobaena octaedra, EPI% – dominance of epigeic individuals in
community, ENDO% – dominance of endogeic earthworms in community, AN% – dominance of
anecic earthworms in community, DOM% – dominancy of Aporrectodea caliginosa from
community, pH- acidity of soil (pHKCl), P- phosphorus (mg kg-1), K- potassium (mg kg-1); Ca-
calcium (mg kg-1), Mg- magnesium (mg kg-1), SIR- microbial biomass (mg biomass C g×KA-1), BA-
soil microbial respiration rates (mg O2 kg-1)
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Photos 1-4 from case study 12 fieldworks (Mari Ivask, Merrit Shanskiy)
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