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Abstract

The objective of this study was to determine patterns of soil microbial respiration (SMR) and earth-
worm communities in selected mollic (Chernozems and Phaeozems) and non-mollic (Luvisols and
Arenosols) soils of Hungary, across three land-use types (grassland, arable land, and forest). Soil
samples, to a depth of 25 cm, were collected from the surrounding areas of seven soil profiles. SMR
measured by basal respiration method, was significantly higher in mollic soils compared to non-
mollic soils, with highest values in Chernozem soils and lowest in Arenosols. The mean basal respi-
ration did not show significant difference between land-use types within mollic diagnostic catego-
ry (p > 0.05), but it differed within non-mollic category (p < 0.05). We found available Ca?* (r = 0.80),
soil moisture content (MC) (r = 0.72), and Mg* (r = 0.69) to be strongly correlated with SMR. SMR
was significantly higher in fine textured soils compared to coarser textured soils. The earthworm
biomass and abundance varied significantly across soil and land-use types, however, explicit cor-
relations with any of soil property measured was not observed. A total of five earthworm species
were identified, i.e. Aporrectodea caliginosa, Octolasion lacteum, Aporrectodea rosea, Proctodrilus
opisthoductus, and Aporrectodea georgii. Earthworm abundance, biomass, and species richness
tend to be highest in grassland and lowest in arable land. Generally, in our study, available Ca?,
Mg?, MC, and texture were the key drivers of the variation in SMR, whereas the earthworm com-

munities were probably more influenced by agricultural activities related to tillage.

1. Introduction

Following the 1992 Earth Summit in Rio de Janeiro, soil
biodiversity has been recognized globally as a crucial player in
guaranteeing the functioning of soil and a provider of several
ecosystem services essential for human well-being (Orgiazzi et
al., 2016). The microbial fraction of the soil is an indispensable
component of soil fertility as soil microbes play key roles in soil
aggregate formation, nutrient cycling, humification, and degra-
dation of pollutants (Creamer et al., 2016a). Soil fauna, such as
earthworms have huge impacts on soil organic matter (SOM)
dynamics, nutrient cycling, and infiltration and distribution of
water in the soil (Turbé et al., 2010).

In recent years, several studies have shown that the diver-
sity and functioning of soil biota are greatly influenced by soil
properties, land-use types, and management practices (a few ex-
amples include; Ponge et al., 2013; Tsiafouli et al., 2015; van Leeu-
wen et al., 2017; Tian et al., 2017; Semenov et al., 2018). Most of
the researches, however, have focused on one aspect of soil biodi-
versity (e.g. species richness, abundance, community structure).

Given the complex nature of interactions among soil organisms
and with their abiotic environment, both biological diversity and
biological functions need to be considered when assessing and
monitoring soil biodiversity (Creamer et al, 2016b). A decade
ago, European based program ‘EcoFINDER’ (Ecological Function
and Biodiversity Indicators in European Soils), has identified
bioindicators to assess and monitor soil biodiversity across Eu-
rope. Among the proposed biodiversity and ecological indicators,
earthworms (abundance, biomass, and diversity) and soil micro-
bial respiration (SMR) have been included (Stone et al., 2016).
Nevertheless, these indicators have rarely been studied together
across a range of soil and land-use types (Creamer et al., 2016b).
SMR is a bhiological process that converts soil organic mat-
ter into atmospheric CO,, in which soil microflora plays a ma-
jor role (Creamer et al., 2016a). It is an important indicator of
soil health as it reflects the level of microbial activity, which is
a key factor in mineralization and organic matter decomposi-
tion. SMR also relates to soil microbial properties such as mi-
crobial biomass and microbial composition (Jézefowska et al.,
2017). Hence, this indicator will give a measure of soil biological
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functioning (Jones et al., 2008). However, high SMR is not always
better because it may indicate loss of soil organic matter due to
excessive tillage or other soil degradation process (Chen et al.,
2015). Primary factors affecting soil respiration are pH, organic
carbon content, total nitrogen, cation exchange capacity (Rut-
gers et al., 2006), tree species, and soil texture (Jé6zefowska et al.,
2017). Further, base cations (Ca*, Mg*, and K') have important
positive effect on soil microbial activity as cations are required
for microbial growth and protein synthesis (Richter et al., 2018).

The use of earthworm as bioindicator relies on their func-
tion in promoting processes that are linked to soil health and
their potential effect on the management of soil carbon (Lub-
bers et al., 2017). They contribute to soil fertility through the
comminution of organic debris, enhance microbial activity, and
contribute to the increase of nutrient availability in soil and min-
eral absorption by plants (Dewi and Senge, 2015). Number and
diversity of earthworms in a soil are considered an important
indicator for soil fertility, because these parameters will provide
information about various soil characteristics (soil texture, con-
tent of organic matter, porosity, acidity, and moisture) (Ivask et
al., 2006). Rutgers et al. (2016) described that land-use, vegeta-
tion, soil texture, organic matter and soil pH which are known to
strongly affect earthworm communities in Europe.

In this study, we i) described, characterized (FAO, 2006
guidelines), and classified (IUSS Working Group WRB, 2015) se-
lected soils of Hungary, ii) categorized the classified soils into
mollic and non-mollic soil groups based on the presence/absence
of mollic diagnostic horizon, iii) made a comparison of SMR and
earthworm (abundance, biomass, and species richness) patterns
between these soil groups and land-use types within each soil di-
agnostic category. The objective was to determine the variation
of SMR and earthworm communities in relation to (i) soil types;
comparing mollic and non-mollic soils, (i) difference in land-use
types, with determination the main factors affecting the varia-
bility of studied biotic parameters. Mollic soils have deep humus
rich fertile surface layer with high content of basic cations, good
water holding capacity, and easily available nutrients, which all
have positive effects on soil organisms. Hence, we hypothesized
that the SMR and earthworm (abundance, biomass, and species
richness) would significantly be higher in mollic soils than non-
mollic soils. Likewise, due to the negative effects of agricultural
activities, such as organic matter depletion and soil disturbance,
we expected lower SMR and earthworm populations in arable
soils compared to grassland and forest soils.

2. Materials and methods
2.1. Study area

The study was carried out on the experimental farm of Szent
Istvan University at Jézsefmajor (JM) nearby Hatvan (N 47° 40'
5", E 19° 40' 11"); G6do6llé University forest (GUF), G6dolld Bo-
tanical Garden (GBG), and Szaritépuszta (SZP) in G6dolld town
(N 47° 35’ 47.65”, E 19° 21’ 18.54”). The experimental farm of
J6zsefmajor is part of North Plain Alluvial Fan which is a small
geographical area of the North Hungarian Hills. Luvisols and
Chernozems are the dominant soil types in the area. The eleva-
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tion of the region varies between 128 and 350 m a.s.l. The mean
annual precipitation ranges from 580-610 mm and the mean
annual temperature is 9.5-10°C. The G6doll6 sites belong to the
G06doll6-Monori hilly region, which is part of Northern Hungar-
ian Mountain Range. The most common soil types in the region
are Luvisols, Cambisols, Arenosols, and Chernozems. The mean
annual temperature ranges from 9.5-10°C and the annual pre-
cipitation is about 600 mm. The dominant land-use in the north
is forest (45%), followed by farmland (40%), and pasture (8%).
Oak forest (Quercus cerris and Quercus robur) is the dominant
natural vegetation, whereas the main crop types in the farm-
lands are rye, wheat, barley, corn, and sunflower (Dévényi et al.,
2008). According to USDA Soil Taxonomy (USDA, 1993), the soil
moisture regime at the study sites is ustic and the soil tempera-
ture regime is mesic. The arable sites were ploughed land sown
with maize plant.

Seven soil profiles, i.e. three at JM, one at each G6doll§ for-
est sites (GBG, GUF), and two at SZP, were described and charac-
terized according to FAO (2006) guidelines and classified based
on IUSS Working Group WRB (2015). The soils at J6zsefmajor
were classified as Chernozems (CH), those of Godoll6 forest sites
were Luvisols (LU), and the Szaritépuszta soils were Phaeozem
(PH) and Arenosol (AR). The details of the sites descriptions and
the soil names can be found in Table 1.

2.2. Soil sampling

In October 2017, soil samples were taken from the surface
horizon of 0 to 25 cm, three meters away from the main soil pro-
files, in three directions. A total of twenty-one bulk soils were tak-
en for physicochemical and SMR analyses, and sixty-three undis-
turbed soil cores were taken using volumetric cores for bulk den-
sity (BD) analysis. Samples for physicochemical analyses were air
dried and passed through 2 mm sieve, whereas samples for SMR
were Kkept at 4°C in the refrigerator until the time of analyses.

2.3. Soil physicochemical analyses

All laboratory analyses of the physicochemical parameters
were performed in triplicates for each soil samples (i.e. nine
replicates per soil profile). Soil pH was measured on soil sus-
pended in a solution of deionized water and 1M KCl in 1:2.5 ratio
(w/v) (Buzés, 1988). Bulk density (BD) and soil moisture content
(MC) were determined by gravimetric method (Buzdas, 1993).
Available nitrogen (NH,-N and NO,-N) was measured using Par-
nas-Wagner Apparatus (Egner et al., 1960). Available potassium
(K,0) and phosphorus (P,0,) were estimated based on ammo-
nium-lactate solution method (AL method) using flame photom-
eter and UV-VIS spectrophotometer, respectively (Egner et al.,
1960). The Walkley-Black technique was used to measure soil
organic matter (SOM) (Walkely and Black, 1934). CaCO, content
was determined using Scheibler calcimeter (Buzdas 1988). Avail-
able Ca?, Mg?, and Na* were extracted 1N KCl and determined
by EDTA titration. Ca?" and Mg? were measured by flame atomic
absorption spectrophotometry (AAS), whereas Na* was meas-
ured by flame emission spectrophotometer (FES) (Egner et al,,
1960). E/E, (ratio of the absorbances at 465 nm and 665 nm) was
determined using spectrometer (Page et al., 1982).
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Table 1

Description of the study sites

The impacts of soil and land-use types on microbial activity and earthworms

Site Land-use Soil type (IUSS Working Group WRB, Elevation Topography Slope Soil texture Parental
type 2015) material

JM1 Arable Vermic Calcic Chernozem (Aric, Loamic, 149 m Very gentle sloping 1% Clay loam Loess
Pachic, Raptic)

M2 Arable Calcic Chernozem (Aric, Loamic, Raptic) 139 m Gently sloping 3% Clay loam Loess

JM3 Grassland Vermic Gleyic Calcic Chernozem 126 m Very gentle sloping 1% Silty Clay Loam  Local alluvial
(Amphiloamic, Bathyclayic, Pachic, and colluvial
Raptic) sediments

GBG Forest Haplic Luvisol (Amphiloamic, 248 m Very gentle sloping 1% Sandy loam Sand mixed
Bathyclayic, cutanic, Humic, Protovertic) with loess

GUF Forest Calcic Luvisol (Amphiloamic, 245 m Very gentle sloping 1% Sandy loam Sand mixed
Endoarenic, Cutanic, Humic, Raptic) with loess

SZP1 Grassland Calcic Chernic Phaeozem (Loamic, 222 m Very gentle sloping 1% Sandy loam Loess and
Pachic) sand

SZp2 Arable Eutrict Arenosol (Aeolic, Aric, Ochric, 232 m Very gentle sloping 1% Sand Loess and
Raptic) sand

Abbreviations: J6zsefmajor 1 (JM1), J6zsefmajor 2 (JM2), J6zsefmajor 3 (JM3), Godo61l6 Botanical Garden (GBG), G6d61l6 University Forest (GUF), Szarito-

puszta 1 (SZP1) Szaritépuszta 2 (SZP2).

2.4. Determination of SMR

The analysis of SMR followed ISO 16072:2002 (E) guideline
and Cheng et al. (2013). In short, fifty grams of moist field soil
was measured and placed in an airtight jar with a suspended
conical flask containing 10 ml of 1.0 M NaOH. The jars were
flushed with clean air with low CO, content, tightly closed and
incubated at 22°C for ten days. After ten days, the conical flask
was removed and 1 ml BaCl, was added in the NaOH solution
to precipitate the trapped CO,. Three drops of phenolphthalein
were added and titrated against 0.5M HCL The determination
was carried out in triplicates. Controls (triplicate flasks without
soil) were also prepared.

2.5. Earthworm sampling, extraction, and identification

The extraction of earthworms was done by employing hand
sorting method as described by ISO 23611-1:2006 (E) guideline.
From each sample point, three soil blocks of 25 cm x 25 cm
x 25 cm were studied to estimate the total abundance of earth-
worms (individuals per m (ind. m)), total fresh biomass (g m2),
and species richness. Species identification was done using exter-
nal characteristics as described by Csuzdi and Zicsi (2003).

2.6. Statistical analyses

Independent samples t-test was used to detect the variation
of the means in SMR and earthworm (abundance, biomass, and
species richness) between mollic and non-mollic soil groups and
land-use types within diagnostic category (p=0.05). To identify
the variation of the means among sites within diagnostic cate-
gory, two separate ANOVA with Tukey’s HSD post hoc tests were
performed (p= 0.05). Pearson correlation analysis was employed
to examine the relationship between biological properties and

physicochemical parameters (correlation was assumed signifi-
cant when p < 0.05). Principal Component Analysis (PCA) was
used to determine powerful parameters affecting the variabil-
ity of SMR and earthworm communities. All statistical analyses
were performed by R statistical software vs. 3.4.3.

3. Results
3.1. Soil physicochemical properties

SOM ranged from 1.84% to 3.90% and from 0.98% to 3.71%,
and BD from 1.27 g cm® to 1.57 g cm™ and from 1.11 g cm™
to 1.51 g cm™ in mollic and non-mollic soils, respectively. The
pH-H,0 values ranged from 4.07 in GBG to 8.47 in SZP2. Both MC
and the amount of Mg?* were highest in JM3 (28.58%, 39.67 mg
kg) and lowest in SZP2 (9.43%, 12.17 mg kg). The mean Ca?
content varied from 687.67 mg kg to 1588.00 mg kg and from
268.33 mg kg to 701.00 mg kg, that of Na* from 6.78 mg kg
to 13.80 mg kg and from 4.59 mg kg to 6.55 mg kg in mol-
lic and non-mollic soils, respectively. CaCO, was only present at
JM3, SZP1, and SZP2 sites, and significantly higher in SZP2. P,0,
was highest in JM3 and lowest in GUF. While K,0O was highest
in JM3 and lowest in SZP2, NO,-N was highest in GBG and low-
est in JM3. E /E, was highest in all non-mollic soils compared to
mollic soils. NH,-N ranged from 1.04 mg kg to 5.09 mg kg! and
from 3.31 mg kg to 6.59 mg kg in mollic and non-mollic soils,
respectively (Table 2).

The result of PCA showed that 36% and 25% of the total vari-
ance across sites were explained by PC1 and PC2, respectively.
PC1 clearly separated Chernozem soils from other soils mainly
based on Ca?* whereas soils of GBG, GUF, and SZP1 were differ-
entiated from others and are related to lower P,0, concentration
(Figure 1).
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Table 2

Soil physicochemical parameters in relation to site and diagnostic category

SOIL SCIENCE ANNUAL

Mollic soil sites

Non-mollic soil sites

Parameter Sig. 2-tailed
JM1 JM2 JM3 SZP1 GBG GUF SZP2
BD 1.57b + 1.56b + 1.27a + 1.45b + 1.30b + 1.11a+ 1.51c+ 0.048*
(g cm) 0.04 0.02 0.03 0.11 0.03 0.04 0.04 '
MC 16.51a + 18.31a + 28.58b + 16.57a + 15.05b + 16.36b + 9.43a + 0.004%*
(%) 0.17 1.57 0.76 2.78 2.38 1.85 1.47 '
SOM 2.44a + 3.39b + 3.90b + 1.84a + 3.66b + 3.71b + 0.98a + 0.842
(%) 0.29 0.29 0.18 0.46 0.56 0.53 0.10 '
7.80a + 7.41a + 7.78a + 7.51a + 4.07a + 5.49b + 8.47¢c+ *
PH-H,0 0.19 0.24 0.12 0.24 0.13 0.68 0.04 0039
7.14a + 6.76a + 7.14a + 6.90a + 3.17a+ 4.55b + 7.89¢ +
H-KC1 - - - - - - - 0.037*
P 0.12 0.25 0.25 0.22 0.15 0.76 0.14
Ca* 1588.00b + 901.66a + 1539.33b + 687.67a + 701.00b + 268.33a + 269.33a + 0.000%**
(mg kg?) 58.62 44.55 82.44 296.02 208.01 164.83 65.16 '
Mg? 38.53c + 30.63b + 39.67c + 24.90a + 32.37b + 20.37a + 12.17a + 0.007**
(mg kg™ 2.06 2.22 0.81 1.77 6.73 3.25 2.23 '
Na- 13.80c + 10.09ab + 6.78a + 11.07bc + 6.55b + 5.16a + 4.59a + 0.000%*
(mg kg™ 1.57 1.31 0.12 1.67 1.02 1.25 0.17 '
K,0 235.33b + 500.44c + 533.44c + 117.88a + 256.22a + 99.17a + 80.66a + 0.004%*
(mg kg™ 20.79 7.43 81.21 8.00 72.94 6.09 421 '
CaCo, 0.00a + 0.00a + 1.52b + 0.29ab + 0.00a + 0.00a + 10.09b + 0.195
(%) 0.00 0.00 0.99 0.51 0.00 0.00 7.06 ’
NO,-N 7.01a + 9.51a+ 4.87a + 5.70a + 29.73a + 14.33a + 9.22a + 0.031*
(mg kg?) 5.89 3.60 2.71 2.96 15.15 5.03 5.54 '
NH, -N 1.04a + 2.74ab + 5.09b + 4.76b + 6.53a + 6.59a + 3.3la+ 0.054
(mg kg™ 0.13 1.56 2.19 0.25 2.11 2.23 1.71 )
P,0, 140.33ab + 355.22bc  + 504.56c £ 49.83a + 87.90b + 17.28a + 159.89a + 0.014*
(mg kg™) 27.49 34.64 189.19 27.49 6.39 10.97a 18.99 )
EJE 2.83a + 4.55b + 5.06b + 4.47ab + 5.95a + 6.10a + 6.43a + 0.000%+*
e 1.21 0.19 0.32 0.08 0.23 0.25 0.84 '

Abbreviations: Bulk density (BD), Soil moisture content (MC), Soil organic matter (SOM), J6zsefmajor 1 (JM1), Jézsefmajor 2 (JM2), J6zsefmajor 3 (JM3),
G06doll6 Botanical Garden (GBG), G6doll6 University Forest (GUF), Szdritépuszta 1 (SZP1), Szdritépuszta 2 (SZP2). (n=9, mean + standard deviation). Two
separate ANOVA were performed, and means are compared. Different letters within row indicate significant differences at p < 0.05 with respect to site
within diagnostic category. Sig. 2-tailed values show significant levels among the two diagnostic categories. * ** ***: Significant at the 0.05, 0.01, and
0.001 levels, respectively

PC2 (25%)
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(36.4%)

Fig. 1. Principal component analysis showing the variance
in soil properties across sites. Sites are coded in number
(1-12 mollic soils and 13-21 non-mollic soils). Red colour in-
dicates high level of contribution whereas the blue colour
implies low contribution to the total variation
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3.2. Soil microbial respiration

SMR was significantly higher in mollic soils compared
to non-mollic soils (Table 3). The mean SMR was recorded
maximum in JM3 (26.77 mg CO, 50 g soil 10 days™) and mini-
mum in SZP1 (6.78 mg CO, 50g™* soil 10 days™), higher in GBG
and GUF (8.62 mg CO, 50 g soil 10 days™) and lower in SZP2
(4.40 mg CO, 50 g* soil 10 days™) in mollic and non-mollic
soils, respectively (Table 3). The mean basal respiration did

Table 3
Soil biological properties in relation to site and diagnostic category

The impacts of soil and land-use types on microbial activity and earthworms

not show significant difference between land-use types with-
in mollic diagnostic category (p > 0.05), but it differed within
non-mollic category (p < 0.05) (Figure 2). The SMR significantly
varied across soil texture groups (p < 0.001), with the greatest
amount was recorded in silty clay loam (SiCL) soils and lowest
in sandy (S) soils (Figure 3). The result of Pearson’s correlation
test showed that Ca? (r = 0.80), Mg?* (r = 0.69), and MC (r = 0.72)
were significantly positively correlated with SMR.

Mollic soil sites

Non- mollic soil sites

Parameter Sig. 2- tailed
M1 M2 JM3 SZP1 GBG GUF SZP2

SMR 19.80ab + 11.73a + 26.77b + 6.78a + 8.62a + 8.62a + 4.40a + 0.006%*

(mg CO,50 g soil 10 days™) 9.19 3.90 3.22 1.68 3.32 2.08 1.65 ’

EW abundance 16.00a + 90.67ab + 133.33ab+  336.00b + 10.67a + 42.67a + 0.00a + 0.019*

(ind. m?) 27.71 75.61 40.26 216.44 18.47 40.26 0.00 ’

EW biomass 7.87a + 10.22a + 44.67a + 111.39a + 1.00a + 6.84a + 0.00a + 0.030*

(gm?) 13.63 9.75 15.09 83.67 1.71 7.38 0.00 ’
0.33a + 0.67a + 2.00a + 1.00a + 0.00a + 0.33a + 0.00a +

Species rich - - - - - - - 0.009**

pecies ricness 0.33 0.33 0.57 0.57 0.00 0.33 0.00

Abbreviations: Soil microbial respiration (SMR), EW (Earthworm), Ind. (Individual). J6zsefmajor 1 (JM1), Jézsefmajor 2 (JM2), J6zsefmajor 3 (JM3),
G6dolls Botanical Garden (GBG), G6doll6 University Forest (GUF), Szaritépuszta 1 (SZP1), Széritépuszta 2 (SZP2). (n=3, mean * standard deviation). Two
separate ANOVA were performed, and means are compared. Different letters within row indicate significant differences at p < 0.05 with respect to site
within diagnostic category. Sig. 2-tailed values show significant levels among the two diagnostic categories (¥ ** ***: at 0.05, 0.01, and 0.001, respec-

tively).
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Fig. 2. Effect of soil and land-use type on SMR and earthworm (abundance, biomass, and species richness) (mean
of three measurements and upper and lower error bars showing confidence interval)
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CL (Clay Loam), SiCL (Silty Clay Loam), SL (Sandy Loam), and S (Sand)

3.3. Earthworm abundance, biomass, and species richness

Earthworm abundance, biomass, and species richness were
significantly higher in mollic soils, compared to non-mollic soils
(Table 3). Earthworm abundance ranged from 16.00 to 336.00
ind. m? and from 0 to 42.67 ind. m%, earthworm biomass from
7.87 t0 111.39 g m? and from 0 to 6.84 g m in mollic and non-
mollic soils, respectively (Table 3). Generally, earthworm density
and abundance were higher in grassland mollic soils compared
to arable mollic soils and forest non-mollic soils compared to ar-
able non-mollic soils (Figure 2). In all sites, the earthworm com-
munities were predominantly dominated by juveniles which
represented 90 % in non-mollic and 81% in mollic soils; 90% in
forest, 88% in arable, and 64% in grassland from the total earth-
worm samples when averaged over soil and land-use types.

A total of five species were identified, i.e. Aporrectodea ca-
liginosa, Octolasion lacteum, Aporrectodea rosea, Proctodrilus
opisthoductus, and Aporrectodea georgii. The most common spe-
cies of earthworm in almost all sites was Aporrectodea caligi-
nosa. The highest species richness was recorded in JM3. This site
harboured all species of earthworms identified except Octola-
sion lacteum, which was only found in SZP1.

4. Discussion

4.1. Variation of SMR in relation to soil and land-use types

Our results show that SMR significantly varied among the
two soil groups, with higher value in mollic soil group (p < 0.05)
(Figure 2). Different soil types have distinct physical and chemi-
cal properties that lead to different microbial communities and
activities. It is well documented that soil properties, such as pH,
SOM, and C:N ratio are principal drivers of both SMR and micro-
bial community composition (Moscatelli et al., 2018). In our study,
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although we found both pH and SOM were positively correlated
with SMR, Ca? (r = 0.80), MC (r = 0.72), and Mg? (r = 0.69) were
found to be strongly correlated with SMR (Table 4). Based on the
result of PCA, the concentration of Ca?* was the key contributing
factor in explaining the total variation in the sites. Accordingly,
the SMR significantly separated Chernozems from other soil
types, primarily on the bases of higher Ca? content (Figure 1).
Ca?* is an important soil macronutrient which may enhance the
mineralization of SOM by affecting its labile fractions (KuZel et
al,, 2010). In Hungary, Filep and Szili-Kovdcs (2010), with a con-
trolled pot experiment, found that soil respiration was higher in
soils limed with CaCO,.

In line with Baath and Anderson (2003), the present study
found a positive correlation between pH and SMR (r = 0.23), al-
though it was not significant. However, Creamer et al. (2016a),
studying the potential microbial activity of European soils across
a wide range of physicochemical parameters, contrasting biogeo-
graphical (climatic) zones and land-uses, showed a significant
negative correlation of pH with basal respiration. The contradict-
ing result may be due to the difference in the spatial scale consid-
ered. We noted a negative correlation between available nitrogen
(NO,-N and NH,-N) and SMR. Similar observation was made by
Gangwar et al. (2018) where NO,-N was significantly negatively
correlated with SMR in salt affected soils (Solonetz) of Hungary.
Kastovska et al. (2010), suggested N application may inhibit the
biological activity of soil microbes and reduces SMR rates.

This study found a significant variation of SMR among soils
of different textures, with the highest value in SiCL soils and low-
est in S soils. Soil texture is an important physical property that
strongly influences water and nutrient availability in the soil by
affecting pore size distribution and surface area. Fine textured
soils have a large surface area which allows the soil to hold more
nutrients and water that could enhance the microbial activity
and in turn increases carbon mineralization (Hamarashid et al.,
2010). The SMR was more pronounced in mollic soils than non-
mollic soils irrespective of the land-use types, suggesting soil
type rather than land-use type might be the driver of basal mi-
crobial respiration in the study area. These findings correspond
with the work of Katulanda et al. (2018), who concluded that al-
though land-use had influence, the inherent soil properties had
a greater influence on soil microbial abundance and therefore
on SMR. Similarly, Stepniewska et al. (2020) discussed that SOM
and pH were the most important parameters that influence the
abundance and diversity of fungi, a primary decomposer, imply-
ing the importance of these variables in SMR.

The correlation analysis showed that there was a strong
positive correlation of SMR with P,0, and K,O. Liu et al. (2013)
noted that SMR was significantly increased after long-term
available P addition in N-saturated old-growth tropical forest
in southern China, suggesting the addition of P increases labile
C by releasing organic matter bound to the sorption sites. The
acidic condition of the forest may result in low P,0, availability
caused by the binding of large proportion soil P,0, to aluminium
and iron in forest soils (Mori et al., 2018).

Studies documented that SOM greatly influence the soil
microbial activity (Moscatelli et al., 2018), however, this study
did not find a strong correlation between these parameters. The
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Table 4
Correlation matrix between physicochemical and biological properties

The impacts of soil and land-use types on microbial activity and earthworms

SMR Earthworm biomass Earthworm abundance
EW. biomass -0.013
EW. abundance -0.045 0.965***
BD -0.073 -0.016 -0.010
Ca?* 0.801*** 0.184 0.138
CaCo, -0.258 -0.161 -0.21
E,/E, -0.435* -0.215 -0.217
MC 0.718** 0.326 0.338
SOM 0.418 -0.12 -0.052
pH-H,0 0.231 0.250 0.237
Mg 0.699** 0.087 0.073
Na* 0.232 0.317 0.321
K,0 0.647** -0.056 0.000
NO,-N -0.293 -0.268 -0.277
NH,N -0.191 0.064 0.095
P,0Oq 0.6277* 0.016 0.000

Pearson’s correlation p<0.05. (n=3). * ** ***: Significant at the 0.05, 0.01, and 0.001 levels, respectively.
Abbreviations: Soil organic matter (SOM), Bulk density (BD), Soil moisture content (MC).

reason could be that the positive effect of SOM on SMR might be
masked by the negative effect of a low pH on SMR (Creamer et
al., 2016a) as the highest SOM was recorded in forest soils where
the pH was lowest. The low pH in forest soils could negatively af-
fect the microbial activities and consequently decrease the rate
of microbial decomposition (Moghimian et al., 2017). Further,
the litter quality of forests i.e. high C:N and lignin: N ratio, which
is less decomposable, may also play a role for the low microbial
respiration in the forest soils (Solly et al., 2014).

4.2. Pattern of earthworm communities across soil
and land-use types

Both earthworm abundance and biomass greatly differed
between mollic and non-mollic soil categories, with the high-
er mean value recorded in mollic soils. The supply of organic
matter in the soil is a key driver of earthworm abundance, as
earthworms feed on either poorly decomposed litter at the soil
surface or ingest soil and assimilate a small fraction of organic
matter it contains (Bertrand et al., 2015). However, this study
did not find positive correlation of SOM with earthworm abun-
dance and biomass. Similarly, on the arable soils in France,
Pelosi et al. (2009) studied earthworm abundance, biomass, and
diversity between conventional and organic farming for three
years and found no significant variation between the two man-
agement systems despite a high SOM in organic farming sys-
tem. Studies have shown that the quality of organic matter has
an influence on earthworm communities although its effect is
species specific (e.g. Solly et al., 2014; Ernst et al., 2009). Gener-
ally, earthworms prefer to feed small particle sized over large
particle sized organic matter (Lowe and Butt, 2003); organic

matter with low C:N ratio over high C:N ratio (Solly et al., 2014).
Most of the non-mollic soils in the study area are under forest
cover where the C:N ratio of the organic matter expected to be
high (less humified). Litter with high C:N ratio is less palatable
for the earthworms, affecting the earthworms feeding activity,
might cause the low earthworm population in non-mollic soils
(Ernst et al.,, 2009). Absence of a significant effect of organic
matter on earthworm abundance and biomass in the study area
could also be the presence of earthworms in the study area de-
pended on factors more important than organic C, and when
present, organic C is consumed by earthworms. There was
a negative correlation between NO,-N with both earthworm
abundance and biomass. Studies have shown that earthworms
can increase the leaching of mineral N and P because of their
effects on soil structure (Blouin et al., 2013). In this study, earth-
worm abundance and biomass were generally high in site with
high pH.

Earthworm abundance, biomass, and species richness
were greater in grassland than arable land in mollic soils and
forest compared to arable land in non-mollic soils (Figure 2).
The absence of soil tillage coupled with relatively high availa-
bility of organic matter in grassland sites may be the reason for
the occurrence of high earthworm communities in the grass-
land sites. A similar observation was made by Varga et al. (2018)
and Cluzeau et al. (2012) that the earthworm density, biomass,
and species richness were highest in grasslands compared to
forest and arable lands. The grassy Chernozem (JM3) soils had
the highest number of earthworm species (4 out of 5). Apor-
rectodea caliginosa was the most abundant earthworm species
in the study area. It belongs to the endogeic group and well
adapted to pastures, gardens, forest, and even in the poorest
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sandy soils (Csuzdi and Zicsi, 2003). Proctodrilus opisthoductus,
Aporrectodea georgii, and Octolasion lacteum were only found
in the areas of grassland. The earthworm community majorly
constituted the juveniles’ category across all soil and land-use
type. Similar result was reported by Kamdem et al. (2018). The
ratio of juveniles was higher in non-mollic compared to mol-
lic soils, and in forest compared to arable and grassland soils,
respectively. Studies documented that the quality of food ma-
terial affects not only the size of population but also the spe-
cies present and their rate of growth. Earthworms gain less
biomass and mature more slowly when fed with oak leaves
(Penning and Wrigley, 2018), this could be the reason why the
ratio of juveniles was higher in forest soils compared to other
land-use types.

In our study, lacking explicit association of earthworm
communities and other soil properties drives us to speculate
that agricultural practices related to tillage might have a pro-
found effect on earthworm communities than soil properties.
No earthworm was observed in sandy arable soil (SZP2), in-
dicating the combined negative effect of soil texture and ag-
ricultural management practices on earthworm communities.
Continuous tillage in arable lands may result in high BD, low
SOM, and low MC which collectively influence the earthworm
communities. Sandy soils are unsuitable for earthworm inhab-
itation either because the abrasive action of sand grains dam-
ages earthworms’ cuticle, or because these soils dry out more
easily and poor in nutrient and SOM (Hendrix et al., 1992).
Crittenden et al. (2014) noted that tillage and farming system
explained a significant proportion of total variation in earth-
worm abundance after studying the effects of tillage systems
on earthworm populations in conventional and organic farm-
ing in both short-term (15 days) and medium term (3 years)
study in the Netherlands. In their review article, Birkds et al.
(2010) reported that earthworm live weight in soil under direct
till was five times greater than in soil under ridge till and three
and half times greater than in soil under conventional tillage
in Hungarian soils.

Earthworms enhance SOM decomposition by stimulating
SMR and by fragmentizing, ingesting, disintegrating, and trans-
porting fresh plant material into the soil. Earthworms may
also affect the SMR by regulating the biomass and/or activity of
microbiota and, further, to mineralize/stabilize microbial prod-
ucts (Huang et al., 2015). Conversely, earthworms reduce CO,
flux by promoting aggregation, leading to long tern carbon stor-
age in the soil. The net influence of earthworm on soil carbon
dynamics, therefore, depend on the balance of these processes
(Lubbers et al., 2017). A recent meta-analysis done by Lubbers
et al. (2013) concluded that the presence of earthworms increas-
es soil respiration by an average of 33%. This study, however,
did not observe any significant correlation between earthworm
(abundance, biomass, and species richness) with SMR. The
mechanisms through which earthworms affect SMR is species-
specific and the overall effects could be positive, negative, and
neutral. Studies reported that earthworms induced short-term
increases soil respiration, followed by gradual decease back
towards the baseline (Chang et al., 2016). Our finding was col-
laborating with the findings of Chang et al. (2016) and Fisk et al.
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(2004) that showed no effect of earthworm on soil respiration.
Overall, this study highlighted that land-use type related to till-
age could be a more powerful variable than soil properties in
explaining earthworm communities in the study area.

5. Conclusions

1. The study has demonstrated that the basal respiration was
higher in mollic soils compared to non-mollic soils.

2. Available Ca?, MC, texture, and Mg?* were prominent fac-
tors affecting SMR.

3. The pattern of earthworm abundance, biomass, and species
richness has significantly differed between mollic and non-
mollic soils and varied among land-use types within diag-
nostic category..

4. The influence of plant communities particularly litter qual-
ity on soil microbial activity and earthworm communities
is difficult to disentangle from the influence of soil charac-
teristics. Hence, further research is needed to investigate
vegetation effect on SMR and earthworm communities to
obtain a net effect of soil properties and land-use type in
the study area. The study may provide a scientific base to
design sustainable management strategies that promote
the activities and diversity of soil microbes and earthworm
communities in the dominant soils of North Hungarian and
G06doll6-Monori hilly regions.
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