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Abstract: Earthworm species composition, the density of individuals, and their biomass were
investigated in spring barley and faba bean fields in a long-term (52-year) experiment conducted at
the Production and Experimental Station in Batcyny, in north-eastern Poland (53°40" N; 19°50” E).
Additionally, post-harvest residues biomass, soil organic matter (SOM), and soil pH were recorded.
The above traits were investigated using two experimental factors: I. cropping system—continuous
cropping (CC) vs. crop rotation (CR) and II. pesticide plant protection: herbicide + fungicide (HF+) vs.
no plant protection (HF-). A total of three species of Lumbricidae were found: Aporrectodea caliginosa
(Sav.) in both crops, Aporrectodea rosea (Sav.) in spring barley, and Lumbricus terrestris (L.) in faba
bean. The density and biomass of earthworms were unaffected by experimental treatments in spring
barley fields, whereas in faba bean CC increased and HF+ decreased earthworm density and biomass
in comparison with CR and HF- respectively. Total post-harvest residues in faba bean fields were
higher under CC in relation to CR and under HF+ compared with HF— treatment in both crops.
Compared to CR, CC increased soil pH in spring barley fields and decreased in faba bean fields.
Experimental factors did not affect SOM. Earthworm density and biomass were positively correlated
with SOM content.

Keywords: soil organic matter; soil pH; post-harvest residues; crop rotation; Hordeum vulgare L.;
Vicia faba L. ssp. minor

1. Introduction

Earthworms are strategic invertebrates in agroecosystems. The drillosphere, composed of
horizontal and vertical burrows and casts created by earthworms, significantly affects soil structure
and enhances gas exchange, water infiltration, and root penetration across the soil profile [1-4].
Earthworms improve the content of soil organic matter, contribute to humus formation processes
and form a mull soil by burrowing large quantities of surface organic matter to belowground and
relocating soil from depths to the top by casting. These invertebrates have an impact on the structure,
concentration, and activity of soil microbial communities involved in organic matter decomposition
and mineralization [5,6]. Earthworms casts are characterized by higher pH, C, CaZ*, Mg2+, and K*
contents than surrounding soil aggregates and incorporate nutrients available for plants [7,8]. The N
mineral availability increases with earthworm abundance [9,10]. Earthworms, through their interaction
with microorganisms, are essential factors influencing soil organic carbon and its dynamics [10,11].
In the presence of earthworms, greater production of plant growth regulators was observed [12,13].
The non-negligible role of earthworms on improving plant tolerance to parasitic nematodes and a
reduction in the severity of take-all disease was also reported [14-16]. The above-mentioned benefits
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of earthworm activity contribute to plant growth and production as seen by aboveground biomass and
crop yield increases [17-19].

Density, diversity, structure, and activity of earthworm populations in agroecosystems are
dependent on agricultural management [20]. Intensification of agricultural practices based on multiple
tillage treatments, simple crop sequence, minor organic fertilization, and chemical methods of plant
protection have a negative effect on earthworm populations. Long-term, intensive, and deep tillage can
decline earthworm (mainly anecic) abundance [21-24] whereas shallow plowing with residue mixing
and conservation cultivation techniques can increase their number [25-27]. Organic fertilizers such
as manure, crop residues, and mulch are the source of food supply for soil biota and have a positive
impact on their populations [28,29]. The conclusion from the literature on the effect of pesticides on
earthworm populations is still ambiguous. The effect of pesticides on soil organisms is closely related
to their active substances and doses. Some of them, especially fungicides and insecticides, are toxic or
lethal to earthworms and cause a decrease in cocoon production and density of juveniles, a delay in
growth and a mortality increase [3,30-32]. Herbicides were also found to have an adverse impact on
earthworms by causing histological changes in their body tissues and increasing mortality [33-37].
However, earthworms can develop adaptation mechanisms against the toxic effect of pesticides [38,39].

The importance of earthworms in agroecosystems is well-recognized, but the long-term effects
of continuous cropping and pesticide use on earthworm populations are much less documented.
The objective of this study was to examine the impact of the above-mentioned factors on species
composition, density, and biomass of earthworms, post-harvest residue biomass, soil organic matter,
and soil pH. The alternative hypothesis assumed that long-term continuous cropping and chemical
plant protection have an impact on earthworm communities was tested against the null hypothesis
that the above factors do not affect the analyzed parameters.

2. Materials and Methods

2.1. Experimental Design and Crop Management

The field experiment was initiated in autumn 1967 in the Production and Experimental Station in
Balcyny in north-eastern Poland (53°40” N; 19°50” E). During the first five years, nine crops were sown
in a continuous cropping system (growing of the same crop on the same field each year). In 1972, two
crop rotations were included to analyze continuous cropping impact. Crop rotation varied throughout
the experiment. Currently, twelve crops in continuous cropping and in two crop rotations (growing
different crops one after the other on the same field) are being sown. The crop rotations are A. sugar
beet, maize, spring barley, peas, winter rape, and winter wheat; B. potato, oats, fiber flax, winter rye,
faba bean, and winter triticale.

Fertilization in the first sixteen years was the only mineral. Since 1983 farmyard manure was
included in doses: 30 t ha™! on potato/sugar beet field and 15 t ha™! every three years in a continuous
cropping system. Mineral fertilizers are applied in terms and doses respective to each crop’s needs.

In one part of every crop field, no pesticides have been ever applied, which provides a unique
chance to study no plant protection effect after 52-years of a continuous cropping and crop rotation
system. To have a comparison for these results on the other parts of each crop field, herbicides (since
1972 till now) and fungicides (since 1983 till now) have been included. Throughout the experiment, the
use of pesticides has been updated according to The Institute of Plant Protection National Research
Institute recommendations.

The results presented in this paper were based on two crops differing in their biology and
agricultural importance: spring barley (cultivar Radek) and faba bean (cultivar Amigo). Spring
barley is grass with a short root system and short vegetation period whereas faba bean has a deep,
well-developed root system with nitrogen-fixing nodules. Faba bean, by nitrogen fixation and high
mass of residues, increases soil biological activity, organic matter content, porosity and soil moisture,
which has an impact on earthworm communities [40].
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Basic agricultural data for spring barley and faba bean in 2019 are presented in Table 1.

Table 1. Basic agricultural data for spring barley and faba bean in 2019.

Item Spring Barley Faba Bean
Soil tillage system Plow tillage (with crop residues incorporation after harvest)
Mineral fertilisation
-P,05 (kg/ha) 701 60 1
K,0 (kg/ha) 1001 1001
-N (kg/ha) 70 (50 1 +202) 401
Plant protection
herbicides
Corum 502.4 SL; bentazon + imazamox;
Mustang 306 SE; florasulam + 2,4-D 1.25 I/ha; 16 leaf unfolded
EHE; 0.5 1/ha; stem elongation * Dash HC; fatty acid esters + alkoxylated
alcohols-phosphate esters; 0.6 1/ha;
16 leaf unfolded

fungicides
Capalo 337.5 SE; fenpropimorph +
epoxiconazole + metrafenone; 1.5 l/ha;
stem elongation
Amistar 250 SC; azoxystrobin; 0.6 l/ha;
flowering
Artea 330 EC; propiconazole +
cyproconazole; 0.4 I/ha; flowering

Dithane NeoTec 75 WG; mancozeb; 2.0
kg/ha; flower buds visible outside leaves

!_before sowing, 2—at stem elongation stage; * trade name; active ingredient; rate; crop growth stage.

Two experimental factors were investigated, each with two levels: I. cropping system: continuous
cropping (CC) vs. crop rotation (CR), II. plant protection: herbicide + fungicide (HF+) vs. no plant
protection (HF-). In both spring barley and faba bean, particular experimental treatments (CC-HF+,
CC-HF-, CR-HF+, CR-HF~) were performed in 3 replications (i.e., plots). From each plot 3 samples
were taken. That brought the total to 9 samples for each treatment. Each plot size was 27 m?.

2.2. Soil Characteristics

The experiment was established on Luvisol medium soil, derived from light loam lying on loamy
sand. At the beginning of the lasting rotation (2016) soil contained an average (mg kg™') of available
forms of phosphorous—289.3, potassium—258.5, magnesium—>55.0, total nitrogen—800 with 1.1%
Corg, and pH—5.7.

2.3. Meteorological Data

The climate in this region is temperate humid, with annual total precipitation around 587.5 mm
and a mean annual air temperature of 7.9 °C (data for the years 1981-2015). Weather conditions of the
July-September 2019 period are presented in Figure 1. High air temperature in combination with small
rainfall before sampling in August could have reduced earthworm activity and biomass. In September,
the rainfall and temperature were more favorable for earthworms [41].
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Figure 1. Daily temperature and rainfall before sampling.

2.4. Sampling

2.4.1. Post-Harvest Residue Sampling and Preparation

Just after harvest, the post-harvest residues (crop and weed bottom stalks with roots) were
removed from a surface area of 0.40 m? and a depth of 0.30 m in three replications from each plot.
Residues were transported to the laboratory in plastic bags. Crop and weed residues were separated,
washed under tap water and air-dried for several days. Crop residues were split into shoots and roots.
The dry mass of post-harvest residues was weighed.

2.4.2. Soil Sampling and Preparation

Three soil samples from each plot were selected on the days of earthworm collection. Soil samples
were taken in three replications from each plot from a 0-30 cm depth with a hand-held twisting probe
(Egner’s soil sampler) and returned in plastic bags to the laboratory. Stones and plant residues were
removed from the soil. Soil samples were air-dried in plastic trays and then passed through a 2 mm
sieve to prepare homogenous samples.

Soil Organic Matter Analysis

The soil organic matter (SOM) was determined using the loss-on-ignition method [42]. Soil samples
(each of mass 10 g) were oven-dried in crucibles at 105 °C for 2 h to remove hygroscopic water and then
cooled and weighed. Afterward, soil samples were heated at 360 °C for 2 h and cooled and weighed.
SOM (%) was calculated as the mass lost during combustion:

SOM = [(soil weight 105 °C — soil weight 360 °C)/soil weight 105 °C] x 100 1)

Soil pH Determination

Soil pH was determined using the potentiometric method after water extraction (pH (H,O)).
In glass beakers, 10 g of the air-dried and sieved soil samples were mixed with 25 mL of distilled
water and shaken. After two hours of equilibration, electrical conductance was measured in soil-water
suspension for 10 min using a Hanna HI 221 (Hanna Instruments) pH meter.
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2.4.3. Earthworm Sampling and Identification

On 12 plots of each crop, three soil samples (25 cm X 25 cm X 40 cm depth) were sampled after each
crop harvest: spring barley—1.08.2019 and faba bean—26.09.2019. Earthworms were selected from
soil blocks by the hand-sorting method. In the laboratory, earthworms were rinsed, dried, weighed
(data refers to live biomass), narcotized in 35% ethyl alcohol and preserved in 4% formalin and 75%
ethyl alcohol. Clitelated individuals were classified into species level, and juveniles were classified
into species or genera level by external morphology using keys [41].

2.5. Statistical Analysis

The data were analyzed statistically by a two-factorial analysis of variance ANOVA in the
STATISTICA (data analysis software system), version 12, StatSoft. Homogeneous groups were
estimated by Duncan’s test at a p < 0.05. The Shapiro-Wilk W-test was used for testing the normality
of variable distribution and Levene’s test for homogeneity of variance. The correlation coefficients
were calculated to measure the strength and direction of the relationship between the variables. The
coefficients were determined based on the data from all treatments, separately for spring barley and
faba bean.

3. Results and Discussion

3.1. Post-Harvest Residues

In spring barley fields, the cropping system did not affect the dry mass of post-harvest residue
(Table 2). However, CC related to CR increased faba bean mass of shoots, weeds and total residues.
Positive influence of CC on faba bean shoots residues biomass was an unexpected result because
growing faba bean in the same field year after year leads to the accumulation of autotoxic compounds
(mainly phenolic acids) in the soil that inhibits plants growth [43]. In previous studies based on this
experiment, Rychcik and Zawislak [44] reported lower faba density under CC than CR treatment.
Though, the lower density of plants may result in their higher biomass. This effect was reported
by Kotecki in the experiment with faba bean, were biomass of one plant increased with density
decrease [45]. Post-harvest biomass of weeds is the aftereffect of weeds density. The current consensus
is that crop rotation, in contrast to continuous cropping, decreases weeds density, which was confirmed
by Rychcik in faba bean fields [46].

HF+ compared to HF— treatment resulted in higher production of residues in both crops: in spring
barley—shoots, in faba bean—shoots and roots. Furthermore, the biomass of weeds residues was
significantly higher in HF— cereal and legume fields in relation to HF+. The presented results are
obvious, considering the effects of herbicide use, which was in line with previous studies [46].

In spring barley fields, CC-HF+ increased the total residue biomass in comparison to CC-HF-,
while there was no difference between CR-HF+ and CR-HF~-. CR-HF- resulted in less spring barley
shoots mass production related to CC-HF+ but it was higher than under CC-HF—-. The biomass of
weed residues under CC-HF- and CR-HF- was higher than in CR-HF+. The achieved results are in
agreement with a previous study concerning weed infestation of spring barley in this experiment [47].

Similar results were noted in faba bean fields. The total residue biomass in CC-HF- and CR-HF+
was significantly lower than in CC-HF+ and higher in relation to CR-HF— interaction.

Moreover, HF+ in relation to HF— increased the biomass of faba bean shoots residues in CR, but
not as strong as with CC. In relation to other treatments, CC-HF—increased the mass of weed residues.
The biomass of faba bean roots was unaffected by treatment interactions.
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Table 2. Dry mass of post-harvest residues (t ha™!).

Treatments Total Shoots Roots Weeds
Spring Barley
cropping system
CR* 2.82a** +0.15 2.07a+0.10 0.62a + 0.07 0.13a + 0.04
CC 2.74a + 0.39 2.04a +0.33 0.49a + 0.09 0.20a + 0.03
plant protection
HF- 2.37b +0.21 1.70b + 0.16 0.45a + 0.07 0.23a + 0.02
HF+ 3.18a +0.26 2.42a +0.21 0.66a + 0.07 0.11b + 0.04
interaction
CR-HF- 2.74ab + 0.27 2.02b + 0.14 0.52a +0.10 0.21a + 0.03
CR-HF+ 2.89ab +0.17  2.12ab +0.18 0.71a + 0.05 0.05b + 0.01
CC-HF- 2.00b + 0.16 1.37¢ £ 0.05 0.38a + 0.11 0.24a + 0.02
CC-HF+ 3.48a + 0.46 2.71a +£0.28 0.61la +0.14 0.16ab + 0.05
Faba Bean

cropping system

CR 1.24b + 0.15 0.42b + 0.09 0.47a £ 0.13 0.35b + 0.08
CC 1.93a = 0.18 0.70a + 0.17 0.49a + 0.14 0.73a + 0.13
plant protection
HF- 1.29b +0.17 0.29b + 0.05 0.26b = 0.07 0.74a +0.13
HF+ 1.87a = 0.19 0.82a + 0.11 0.70a = 0.10 0.34b + 0.07
interaction
CR-HF- 0.97¢c = 0.05 0.25¢ = 0.07 0.26a + 0.09 0.46b = 0.12
CR-HF+ 1.51b +0.18 0.59b + 0.05 0.69a + 0.17 0.23b + 0.06
CC-HF- 1.62b + 0.21 0.34c = 0.06 0.27a +0.13 1.01a = 0.04
CC-HF+ 2.23a +0.16 1.06a + 0.09 0.72a £ 0.16 0.45b + 0.12

* CR—crop rotation, CC—continuous cropping, HF—mno plant protection, HF+—herbicide + fungicide; ** values
with different letters vary significantly (Duncan’s test, p < 0.05), x + sem—mean =+ standard error of mean.

3.2. Soil Organic Matter Content

Experimental factors and their interactions did not affect the SOM in spring barley and faba bean
fields (Table 3). These results are in line with the previous study based on this experiment where the
Corg content in spring barley was comparable to faba bean fields in both cropping systems [48]. The
same amounts of manure during every six-year-lasting rotation were applied in all treatments, so this
may be the major cause of undifferentiated SOM levels. In contrast to the presented results, some
authors [49-51] assert that crop rotation, especially with legumes, gives preferential conditions for soil
C increase.

Table 3. Soil organic matter (SOM) (%).

Treatments  Spring Barley = Faba Bean

cropping system

CR* 1.86 ** £ 0.10 1.98 £ 0.04
CcC 1.88 £ 0.06 2.08 £ 0.08
plant protection
HF- 1.89 £0.11 2.11 +£0.05
HF+ 1.85 £ 0.03 1.95 £ 0.07
interaction
CR-HF- 1.84 +0.21 2.03 +£0.06
CR-HF+ 1.87 + 0.08 1.93 + 0.06
CC-HF- 1.93 +0.11 2.20 £0.03
CC-HF+ 1.83 + 0.03 1.96 + 0.13

* CR—crop rotation, CC—continuous cropping, HF——no plant protection, HF+—herbicide + fungicide; ** values
do not differ significantly (Duncan’s test, p < 0.05), x +£ sem—mean + standard error of mean.
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3.3. Soil pH

In comparison with CR, CC increased soil pH in spring barley (Table 4). Hickman [52] reported
lower pH in maize continuous cropping than in maize—wheat and maize—soybean rotations and
soybean continuous cropping. The author suggested that these results may be explained by the
long-term use of anhydrous ammonia in maize crops fields. HF+ lowered soil pH in relation to HF—.
Spring barley under HF+ achieved higher yields than HF— (data not published). With higher yields,
larger amounts of macroelements were removed from the soil. In spring barley fields, the interaction
between cropping system and plant protection was proved. Under CR-HF+ treatment lower soil pH
than under CR-HF— was noted, while there was no difference in soil pH under CC-HF- and CC-HF+.
In faba bean fields, the values of soil pH were lower in CC than in CR. Dinitrogen-fixing legumes,
including faba bean, are considered to generate soil acidification by releasing H+ to rhizosphere [53-55].
Lee [56] reported that continuous legume cultivation increased soil acidity. Comparably, Williams [57]
noted soil pH decrease in a long-term experiment with clover pastures.

Table 4. Soil pH.

Treatments  Spring Barley = Faba Bean

cropping system

CR* 6.37b ** +0.11  6.73a + 0.06
CcC 6.89a + 0.04 6.32b + 0.03
plant protection
HF- 6.74a + 0.09 6.55a + 0.09
HF+ 6.51b + 0.17 6.50a + 0.12
interaction
CR-HF—- 6.56b + 0.06 6.75a + 0.05
CR-HF+ 6.18c + 0.16 6.72a £ 0.13
CC-HF- 6.92a + 0.06 6.35b + 0.03

CC-HF+ 6.85ab £ 0.05  6.28b +0.05

* CR—crop rotation, CC—continuous cropping, HF—mno plant protection, HF+—herbicide + fungicide; ** values
with different letters vary significantly (Duncan’s test, p < 0.05), x + sem—mean =+ standard error of mean.

HF+ caused pH decrease only in spring barley fields. Spring barley under HF+ produced
higher yields than under HF- (own data not published). Thus with higher yields, larger amounts of
macroelements were removed from the soil.

In faba bean fields, no interaction of cropping system and plant protection on soil pH was revealed.

3.4. Earthworm Species Richness and Structure

In the experimental fields, only three species of Lumbricidae were found: Aporrectodea caliginosa
(Sav.), Aporrectodea rosea (Sav.), and Lumbricus terrestris (L.) (Figure 2). The same species composition
was reported by Valchovski [58] in cultivated and non-cultivated Vertic Luvisol. The species richness of
earthworms in agroecosystems is usually lower than in natural ecosystems and depends mainly on soil
type, soil humidity, organic matter content, cultivation treatments, and crop type [59-61]. In both crops,
the most numerous species was Aporrectodea caliginosa (Sav.), which occurs commonly in arable lands
in all temperate zones [62-64]. This endogenic earthworm can adapt to unfavorable environmental
conditions like low soil moisture, low organic matter content, or tillage practices [22,65-67]. Although
Aporrectodea rosea (Sav.) is very common in agroecosystems in different crops as well as in
pastures [20,62,68], in the current study it was recorded only in spring barley fields under CR-HF+ and
CC-HF- treatments. It is worth noting that Lumbricus terrestris (L.) was found only in CR-HF+ and
CC-HF+ faba bean fields. Edwards [62] suggests that one of the limiting factors for Lumbricus terrestris
(L.) abundance is soil organic matter. Faba bean plants have a well-developed, extensive fibrous root
system, which gives preferential treatment to anecic earthworms.
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In both crops, the majority of the earthworms found were juveniles representing the genera
Aporrectodea.
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Figure 2. Relative abundance (%) of earthworm species (based on individuals m~2) on (a) spring barley
and (b) faba bean (B) fields; CR—crop rotation, CC—continuous cropping, HF—mno plant protection,
HF+—herbicide + fungicide.

3.5. Earthworm Density and Biomass

The density of individuals and biomass of collected earthworms was lower than reported in
other works [64,69,70], but comparable with results achieved in other researchers conducted in The
Experimental Station in Batcyny [71-74]. Experimental treatments did not affect the density or biomass
of earthworms in spring barley fields (Table 5). Spring crops do not create favorable environmental
conditions for earthworm abundance because of low organic matter input and agrotechnical works on
fields in early spring when the activity of earthworm communities increases.
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In faba bean fields, both experimental treatments affected earthworm abundance. In comparison
with CR, CC increased the density of individuals and biomass of earthworms. The reason for this could
be the higher mass of post-harvest residues. In a study by Edwards [62], the abundance of earthworms
was two times higher in fields with continuous wheat (for 136 years) than with wheat—root crops.
The negative influence of HF+ on the earthworm population in relation to HF— on faba bean fields
was apparent in the decrease in individual density and their biomass. Many authors reported a
reduction in growth, biomass loss, decreased cocoon production or higher mortality after pesticide
application [75-79]. Biomass reduction may be an effect of reduced food intake as a strategy to avoid
contamination. Nonetheless, the response to agrochemicals differs depending on earthworm species,
the concentration of toxic substances, environmental conditions (soil type, temperature, humidity,
organic matter content, etc.) and the duration of exposure [77,80,81]. CC-HF—- treatment had a positive
influence on earthworm density and biomass in relation to other experimental treatments.

Table 5. Density (individuals m~2) and biomass (g m~2) of earthworms in spring barley and faba

bean fields.
Treatments Spring Barley Faba Bean
Individuals Biomass Individuals Biomass

cropping system
CR* 15.3 +1.90 7.4 +0.94 8.0b ** + 2.07 43b +1.28
CcC 14.7 £ 3.37 59 +214 13.3a + 3.21 9.0a +2.07

plant protection
HF- 14.0 +2.47 59 +1.52 15.3 a +£2.81 9.4a +2.19
HF+ 16.0 £2.91 75+1.77 6.0b + 0.89 4.0b £ 0.67

interaction

CR-HF- 18.7 +1.33 8.9 +1.04 10.7b + 3.52 5.5b +2.42
CR-HF+ 12.0 £ 6.92 6.0 +1.08 5.3b +1.33 3.0b + 0.81
CC-HF- 9.3 +2.67 2.8 +1.06 20.0a = 2.30 13.2a +1.83
CC-HF+ 20.0 + 4.61 9.1+3.46 6.7b +1.33 49b +0.85

* CR—crop rotation, CC—continuous cropping, HF——mno plant protection, HF+—herbicide + fungicide; ** values
with different letters vary significantly (Duncan’s test, p < 0.05), no letters—no significant differences, x + sem—mean
+ standard error of mean.

3.6. Relationship Between Earthworm Abundance and Post-Harvest Residues, SOM, and Soil pH

In spring barley fields, no relationship between earthworm abundance and post-harvest residues,
SOM or soil pH was observed (Table 6). A strong positive association of SOM and earthworm
abundance was noted in faba bean fields This suggests that organic matter left in the field by a legume,
characterized by high protein content may be beneficial for earthworm populations. The above is
in the line with Kladivko [82], where a higher density of earthworms in continuous soybean than in
continuous corn was reported. The association between soil organic matter content and the presence
of the earthworms was also observed in other findings [83,84]. Soil pH and dry mass of post-harvest
residues were not significantly correlated with earthworm density or biomass.
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Table 6. The correlation coefficient (r) between density and biomass of earthworms with SOM, pH, and
post-harvest residues of spring barley and faba bean fields.

Spring Barley Faba Bean
Features Earthworms
Individuals Biomass Individuals Biomass
residues 0.095 0.030 -0.116 0.057
SOM 0.192 0.105 0.730 * 0.713 *
pH 0.120 0.013 -0.228 —0.386

* coefficient significant at p < 0.05.

4. Conclusions

In the current study post-harvest residues were unaffected by cropping system, but HF+ compared
to HF— increased spring barely shoots residues and total post-harvest biomass and decreased weed
post-harvest biomass. Experimental factors did not differentiate SOM in spring barley fields. CC, in
relation to CR, increased soil pH whereas HF+ decreased it in comparison with HF-. In spring barley
fields, two earthworm species were found: Aporrectodea caliginosa (Sav.) and Aporrectodea rosea (Sav.).
CC and HF+ did not affect earthworm density or biomass in relation to CR and HF—. No correlation
between earthworm abundance and post-harvest residues, SOM, or soil pH was noted.

In faba bean fields above-ground post-harvest residue biomass was increased by CC in relation to
CR. In turn, HF+ compared with HF— increased total and faba bean shoots and roots post-harvest
biomass but decreased weeds post-harvest biomass. In faba bean fields, SOM stayed at the same
level regardless of experimental factors. Lower pH values were noted under CC than CR treatment,
whereas HF+ did not affect it. Aporrectodea caliginosa (Sav.) and Lumbricus terrestris (L.) were recorded
in faba bean fields. CC increased earthworm density and biomass in comparison with CR whereas
HF+ decreased these features in relation to HF—. Positive correlations between earthworm density
and biomass and SOM content were noted in faba bean fields.
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