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ABSTRACT

Faber F., Wachter E., Zaller ].G. (2017): Earthworms are little affected by reduced soil tillage methods in vineyards.
Plant Soil Environ., 63: 257-263.

Inter-rows in vineyards are commonly tilled in order to control weeds and/or to conserve water. While impacts of
tillage on earthworms are well studied in arable systems, very little is known from vineyards. In an experimental
vineyard, the impact of four reduced tillage methods on earthworms was examined: rotary hoeing, rotary har-
rowing, grubbing and no tillage. According to an erosion prevention programme, tillage was applied every other
inter-row only while alternating rows retained vegetated. Earthworms were extracted from the treated inter-rows
10, 36, 162 and 188 days after tillage. Across dates, tillage methods had no effect on overall earthworm densities or
biomass. Considering each sampling date separately, earthworm densities were affected only at day 36 after tillage
leading to lower densities under rotary hoeing (150.7 + 42.5 worms/m?) and no tillage (117.3 + 24.8 worms/m?)
than under rotary harrowing (340.0 + 87.4 worms/m?) and grubbing (242.7 + 43.9 worms/m?). Time since till-
age significantly increased earthworm densities or biomass, and affected soil moisture and temperature. Across
sampling dates, earthworm densities correlated positively with soil moisture and negatively with soil temperature;
individual earthworm mass increased with increasing time since tillage. It was concluded that reduced tillage in
vineyards has little impact on earthworms when applied in spring under dry soil conditions.
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Vineyard inter-row soil managementis performed temperature, aeration or compaction. Compared

for weed control, water conservation, or to prevent
erosion (Bauer et al. 2004). Tillage is often flexibly
conducted in response to climatic conditions and/
or physical characteristics of soil; however, it is
usually performed at least once a year. Generally,
tillage effects on soil organisms may be directly,
through disturbance of an organisms’ body, or
indirectly, by exposing organisms to harmful con-
ditions, by changing the distribution of organic
matter in the soil or by changing soil moisture,

with arable systems, potential impacts of tillage
on soil organisms in vineyards have rarely been
investigated (Paoletti 1988, Coll et al. 2011, 2012,
Vrsi¢ 2011, Virto et al. 2012). However, it can be
expected that earthworms respond differently to
tillage in vineyards than in arable land. The main
reasons could be that vineyards are more intensively
managed than arable fields including more pesticide
applications, more soil compaction due to more
frequent traffic and usually a lesser soil quality.
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In vineyards, as in many other agroecosystems,
the role of earthworms in promoting soil fertility,
aggregate formation and soil organic matter pro-
tection is important (Lavelle et al. 1997). Because
earthworms belong to the biggest soil organisms,
they are especially vulnerable to mechanical forces
such as tillage. Thus, they were suggested as sensi-
tive bioindicators for sustainable soil use (Cluzeau
et al. 1987, Paoletti et al. 1998, Péres et al. 2008).
Earthworm activity has been shown to be associ-
ated with soil moisture (Zaller and Arnone 1999),
affecting root growth (Arnone and Zaller 2014),
plant production (van Groenigen et al. 2014), water
infiltration and nutrient leaching (Spurgeon et
al. 2013). Commonly, three ecological groups of
earthworms can be distinguished in ecosystems.
Epigeic species live in the top soil layer, anecic
species live in the soil but come to the surface to
collect plant material, and endogeic species that
stay mainly in the soil (Bouché 1977). Research
from arable fields show that conventional tillage,
in general, reduces earthworm populations, while
reduced tillage promotes it (Kladivko 2001). In
vineyards, epigeics have been shown to be more
affected by tillage than endogeic species (Paoletti
et al. 1998).

The current study examined: (i) whether and to
what extent reduced tillage methods in vineyard
inter-rows affect the biomass and abundance of
earthworms; (ii) to what extent different ecologi-
cal groups of earthworms are affected, and (iii)
whether earthworm populations recover from
disturbance through tillage. It was hypothesized
that tillage methods with rotating tools are more
detrimental to earthworms than methods with-
out rotating tools. Because epigeic and anecic
earthworms are more mobile than endogeics, it
was expected that they could better recover from
soil disturbance than endogeics. Knowledge of
the effect of different reduced tillage methods on
earthworms would help to adopt sustainable soil
management practices in vineyards.

MATERIAL AND METHODS

Study site. The study was conducted in a vine-
yard of the experimental winery Agneshof of the
Education and Research Centre for Viticulture and
Pomology of the Federal Ministry of Agriculture,
Forestry, Environment and Water Management
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in Klosterneuburg, near Vienna, Austria
(48°17'39.03"N, 16°19'26.18"E, 190 m a.s.l.). The
vineyard (established in 1997) is south-facing,
slightly inclined and cultivated with different red and
white grape cultivars grown on a trellis (grapevine
within-row distance: 1.0 m; row distance: 2.8 m).
The vineyard was evenly treated with fungicides
and fertilizers following good viticultural practice.
Soils at the study site developed from alluvial soils
of sandy, brown primary material and rounded
pebble stones; additionally, chiselled Flysch marl
stemmed from colluvial processes.

The study was conducted between April and
October 2011. Precipitation was measured by a
weather station and showed a maximum monthly
rainfall in June (132 mm) and a minimum monthly
rainfall in August (32 mm). Mean monthly tem-
perature during the study period was lowest in
April (13°C) and October (10°C) and highest in
August 21°C. Rainfall in April and May was about
20% lower than long-term averages; mean tem-
perature 8% higher than the long-term average for
the period 1970-2000. Long-term mean annual air
temperature at this location is 10°C, mean annual
precipitation 620 mm (1970-2000, Central Institute
of Meteorology and Geodynamics, Vienna).

Tillage treatments. Vineyard inter-rows were
cultivated according to the Austrian soil erosion
prevention programme allowing tillage of every
second inter-row only, while leaving the other
rows uncultivated and vegetated (OPUL 2007).
Four different tillage methods were employed:
rotary hoeing, rotary harrowing, grubbing and no
tillage (control treatment). Each tillage method
was conducted in a separate, randomly assigned
vineyard inter-row and spatially replicated three
times. Each inter-row was about 2.4 m wide and
20 m long. Rotary hoeing worked up to 100 mm
soil depth with rotating shares at a horizontal
axle (Figure 1). Rotary harrowing was performed
to 100 mm depth with vertically rotating harrow
discs and a front grubber to loosen up deeper soil
depths (Figure 1). Grubbing was performed in a
cultivation depth of 150 mm using a two-frame
grubber with fixed shares (Figure 1). No tillage
occurred in the control treatment. In order to be
able to assess the impact of the time span since last
tillage on earthworms, tillage was either conducted
on 21 April or on 17 May 2011. Together there
were 24 treated inter-rows: 4 tillage methods x
3 replicates x 2 dates.



Plant Soil Environ.

Vol. 63, 2017, No. 6: 257-263

Rotary hoe

Rotary harrow

doi: 10.17221/160/2017-PSE

Grubber

After 10 days After 36 days

After 162 days After 188 days

(E (a) (b) (©) (d)

® 200 200 200 200

£ 100 100 100 100

E 0 0 0 0

)

~ (o (f) () (h)

v

[o]

g 1 1 1 1

E 0.5 0.5 0.5 0.5

2

E 0 0 0 0

L@ () (k) M

£ 400 - 400 - a 400 - 400 -

V 1 = . - . 1

S 300 | ™WEndogeics g5, a 300 - 300 -

g { BEpiAnecics . - .

S 200 - 200 1 b b 200 - 200 -

3 ] ] ] ]

< 100 100 - 100 - 100 -

8 J 4 ] J

= 0 : <5} M 0 : [«F] ~ 0_‘ [«F] - O k (5] e

= 3 = = = = > = =
Z2 2 4 5 2 2 4 5 2 2 £ 5 Z 2 4 5
. = QL = . L= Q£ = . LS Q£ = . S Q£ =
5 o 2 © 2 o B © 2 o B © 5 5 2 ©
& 5 02 & 5 02 & 5 02 & 5 02
Soil tillage

Figure 1. Impacts of tillage methods (rotary hoeing, rotary harrowing, grubber, no tillage) on earthworm (EW)
biomass (a—d), specific EW mass (e-h) and EW density and abundance of different ecological groups of earth-
worms (anecics, endogeics, epigeics; (i-1) in vineyards 10, 36, 162 or 188 days after tillage. Different letters above

bars denote significant differences between variants within a sampling date. Means + standard deviation, n = 3

Sampling and measurements. Earthworms
were assessed on 27 May and 26 October 2011 on
one randomly selected area in the centre of the
inter-row using a combined mustard extraction
with subsequent hand sorting (Friind and Jordan
2004). Therefore, a 50 x 50 cm metal frame was

pressed about 50 mm into the soil and filled with
10-L mustard-water solution (60 g mustard powder;
Eder Gewiirze, Mattighofen, Austria). All earth-
worms appearing at the soil surface after 20 min
were collected. After mustard extraction a central
area 0of 0.25 x 0.25 m (0.25 m deep) within the metal
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frame was excavated using a spade and earthworms
present in this soil cube collected. All earthworms
collected with these two methods were collected,
washed free of soil, weighed, counted and assigned
to two ecological groups: epi-anecics (pigmented
either along the complete length or in the anterior
part) and endogeics (no pigmentation). The study
distinguished only between these two groups as
most of the collected earthworm specimens were
juveniles impeding a reliable species identification.

During earthworm extraction, soil temperature
was measured (0-100 mm depth) using a digi-
tal soil thermometer (Aquaterr T-300, Aquaterr
Instruments and Automation, Costa Mesa, USA).
Soil moisture was assessed gravimetrically by taking
a soil sample with a metal cylinder (diameter 50 mm,
depth 100 mm), packed in aluminium foil and
weighed fresh and after drying at 105°C for 72 h.

Statistical analyses. First, parameters were
tested for normality and variance homogeneity
using P-P plots and Levene tests. Second, two-way
analyses of variance (ANOVAs) with the factors
tillage (4 levels) and time since cultivation (4 levels)
on earthworm biomass, density, individual biomass,
ecological groups of earthworms was performed.
Third, for each sampling date, one-way ANOVAs
were performed including the parameters men-
tioned above. When the main effects were signifi-
cant, mean comparisons between tillage methods
were conducted using the Tukey’s tests. Relations
between earthworm densities and soil moisture,
soil temperature or days since tillage were tested
using the Pearson correlations. Data were analysed

using the software IBM SPSS Statistics (vers. 21,
IBM Incorporation, Armonk, New York, USA).

RESULTS

Overall analysis showed that tillage affected
soil temperature but not earthworm parameters;
time since tillage affected nearly all measured
parameters (Table 1). Soil temperature was also
influenced by an interaction between tillage and
time since tillage (Table 1). Analysing each sam-
pling date separately, tillage affected earthworm
density only at day 36 day after employing the
tillage treatments, leading to lower densities un-
der rotary hoeing (150.7 + 42.5 worms/m; mean
+ SD (standard deviation)) and no tillage (117.3 £
24.8 worms/m?) than under rotary harrowing
(340.0 + 87.4 worms/m?) and grubbing (242.7 +
43.9 worms/m?; Figure 1j, Table 2). Earthworm
biomass varied over time and tillage intensities
but was at no sampling date significantly affected
by tillage (mean earthworm fresh mass across
dates: 71.8 + 34.3 g/m?; Figures la—d, Table 2).
Only endogeic earthworms were affected by tillage
only at day 36 after tillage (Figure 1i-1, Table 2).
Tillage significantly affected soil temperature at
day 10 and day 36; no data are available for day
162 and day 188 due to a sensor failure (Table 2).

Across dates, earthworm density was significantly
positively correlated with soil moisture (Figure 2a)
and negatively correlated with soil temperature
(Figure 2b). Specific earthworm mass increased

Table 1. ANOVA results for the effects of vineyard inter-row soil cultivation (rotary hoeing, rotary harrowing,

grubber, no cultivation) and time since cultivation (10, 36, 162 or 188 days) on earthworm (EW) parameters,

soil moisture and temperature

Soil cultivation (SC) Time since cultiv. (TSC) SC x TSC
Parameter
F P F P F P

EW biomass (g/m?) 2.136 0.115 12.414 < 0.001 1.372 0.242
EW density (no./m?) 1.195 0.259 4.367 0.011 1.318 0.266
EW indiv. biomass (g/EW) 1.615 0.205 10.947 < 0.001 0.749 0.624
Epianecics (no./m?) 2.029 0.130 7.393 0.001 1.116 0.380
Endogeics (no./m?) 0.829 0.487 31.342 < 0.001 1.158 0.354
Soil moisture (%) 2.219 0.106 276.896 < 0.001 1.528 0.182
Soil temperature (°C) 11.667 < 0.001 6670.653 < 0.001 6.333 < 0.001

Significant effects are in bold
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Table 2. ANOVA results for the effects of vineyard
inter-row soil tillage (rotary hoeing, rotary harrowing)
on earthworms (EW), soil moisture and temperature

Variable Soil tillage
F P
After 10 days
EW biomass (g/m?) 0.248 0.861
EW density (no./m?2) 0.433 0.735
EW indiv. biomass (g/EW) 0.268 0.847
Epianecis (no./m?2) 0.807 0.525
Endogeics (no./m?) 1.170 0.380
Soil moisture (%) 2.260 0.159
Soil temperature (°C) 6.222 0.017
After 36 days
EW biomass (g/m?) 1.640 0.256
EW density (no./m?2) 4.660 0.036
EW indiv. biomass (g/EW) 0.459 0.719
Epianecis (no./m?2) 2.162 0.170
Endogeics (no./m?) 4.774 0.034
Soil moisture (%) 3.262 0.089
Soil temperature (°C) 12.000 0.002
After 162 days
EW biomass (g/m?) 2.446 0.139
EW density (no./m?2) 0.336 0.800
EW indiv. biomass (g/EW) 1.117 0.398
Epianecis (no./m?2) 0.761 0.547
Endogeics (no./m?) 0.686 0.585
Soil moisture (%) 3.298 0.079
Soil temperature (°C) - -
After 188 days
EW biomass (g/m?) 1.420 0.307
EW density (no./m?2) 0.557 0.658
EW indiv. biomass (g/EW) 1.333 0.330
Epianecis (no./m?2) 0.263 0.850
Endogeics (no./m?) 0.899 0.483
Soil moisture (%) 0.561 0.656

Soil temperature (°C) - -

—no data due to sensor failure. Significant effects are in bold

marginally significantly with increasing time from
last tillage (Figure 2c).

doi: 10.17221/160/2017-PSE

DISCUSSION

Reduced tillage methods showed only subtle
effects on earthworm densities or biomass in the
study vineyard. This was surprising as tillage meth-
ods were compared with rotating versus fixed tools.
This was attributed to the following reasons: First,
tillage in vineyards is usually performed during a
dry spring period when earthworms are in deeper
soil horizons and not affected by tillage tools.
Second, population sizes in spring are small consist-
ing of small, less susceptible specimens that were
not at peak activity. Third, disturbed inter-rows
could have been re-populated from neighbouring
undisturbed inter-rows. Field experiments where
earthworm densities were manipulated showed
that earthworms can quickly respond to different
population densities (Zaller and Arnone 1999).
However, whether this could also happen in vine-
yards would need to be verified using earthworm
tracking methods (Butt and Lowe 2007).

The current study confirms another study inves-
tigating tillage impacts on earthworms in vineyards
finding that the majority of earthworms were not
affected in periodically tilled vineyard soils (Vrsic¢
2011). In the current study, low earthworm densi-
ties under uncultivated inter-rows were similar to
the tilled ones which is perhaps a consequence of
higher soil compaction in uncultivated inter-rows
due to frequent traffic for vineyard management
(Coll et al. 2011).

While numerous studies conducted in arable
fields showed a trend towards detrimental till-
age effects on earthworms (Emmerling 2001,
Singh et al. 2015), there are also studies report-
ing little or even stimulating impacts of tillage on
earthworms. Earthworm abundance was similar
between reduced tillage and mouldboard plough-
ing (Crittenden et al. 2014). Others showed that
biomass of endogeic earthworms was 53% lower
but abundance 70% higher under reduced tillage
(Berner et al. 2008). In another study, reduced
tillage increased anecic earthworms but did not
affect overall earthworm abundance (Capowiez
et al. 2009). Tillage intensity also decreased the
functional diversity of the earthworm community
but did not affect species numbers or abundance
(Pelosi et al. 2014). Taken together, these contrast-
ing findings suggest that the effects of tillage on
earthworms depend on a variety of factors such
as tillage method, time of tillage, soil texture or
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Figure 2. Relationship between (a) earthworm density and soil moisture or (b) soil temperature and specific

earthworm mass and (c) days since different tillage methods were applied in vineyards. R — Pearson correlation

index; P — significance of this relationship

earthworm species assemblages (Roger-Estrade
et al. 2010, van Capelle et al. 2012). A possible
detrimental effect of pesticides on earthworms
(Gaupp-Berghausen et al. 2015) as the paramount
factor can be excluded as the same pesticides were
applied for all tillage treatments.

The current finding that abundances of epi-anecic
earthworms were little influenced by tillage are in
contrast to findings that epigeics were particularly
sensitive to tillage (Paoletti et al. 1998). This could
be explained by the rather dry weather during the
course of the experiment that might have reduced
the activity and susceptibility of both epigeics and
anecics. The susceptibility to tillage of endogeics
at a certain sampling date could be interpreted
with seasonal variations in their activity (Zaller
and Arnone 1997) and their lower ability to es-
cape from disturbance as compared to epigeics or
anecics. However, these aspects are little studied
in earthworm ecology.

Earthworm densities in the study vineyard, re-
gardless of tillage, correlated positively with soil
moisture and negatively with soil temperature
confirming published findings (Crittenden et al.
2014). Although bulk density was not assessed in
the current experiment, it was observed that control
treatments without tillage were more compacted
leading to reduced earthworm populations (Bilalis
et al. 2009, Crittenden et al. 2014).

Taken collectively, our results suggest that dis-
turbance of earthworms by tillage is probably less
detrimental in vineyards than in arable fields.
However, there is also the possibility that alternat-
ing tillage of vineyards where only every second
inter-row is disturbed might have enabled a re-
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population of disturbed inter-rows from neigh-
bouring vegetated inter-rows. More long-term
studies conducted in vineyards with various soil
types are needed to verify whether the current
findings are of more general nature.
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