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Abstract

Oultaf L., Metna Ali Ahmed E, Sadoudi Ali Ahmed D., Dib D.: Temporal dynamics of soil invertebrate communities in a vineyard under treatment
with pesticides. Ekoldgia (Bratislava), Vol. 41, No. 1, p. 26-34, 2022.

Phytosanitary treatments with pesticides are widely used to control pests and diseases in vineyards. An important part of the dispersed pesticide
reaches the soil, affecting the fauna, producing quantitative and qualitative changes in the edaphic population’s structure and physiological activities.
This study aims to evaluate the temporal dynamics of the soil macro and mesofauna through different pesticide treatment periods, where fungicides
are the dominant pest control agent. A field experiment was carried out in Boumerdes, a specific viticultural region in Algeria. Soil samples were
taken during three periods, before, during, and after treatment with pesticides, using the quadrat method at three soil depths. During these three pe-
riods, the soil macro and mesofauna were observed and compared. The results showed significant differences in the composition of invertebrate com-
munities that tended to disappear during pesticide application. The structure and diversity of 11 invertebrate classes, including Collembola, changed
along the treatment gradient. The effects of sampling periods on occurrence, abundance, and taxon richness were consistently negative. These indices
were significantly lower after pesticide application. Therefore, we can suppose that climatic factors and pesticide treatements are the main factors af-

fecting the activity and density of all classes of invertebrates, but these effects vary between the functional groups of soil biota.

Key words: arthropods; collembolan; community structure; non-target effects; soil fauna; viticulture.

Introduction

Pest and disease control in vineyards is critical to maintaining
yields and achieving high production levels and a good-quality
crop. Production losses due to pests and diseases can be as high
as 35%, and in some cases, the entire production may be com-
promised (Oerke, 2006). Applied pesticides should be toxic only
to target organisms, biodegradable, and environmentally friend-
ly to some extent (Rosell et al., 2008). Nevertheless, the repeated
application of pesticide treatments has a negative impact on the
environment and, in particular, on the soil (Arias-Estévez et al.,
2008), causing effects on the soil ecosystem and heavy damage to
invertebrate populations (De Silva et al., 2009).

Soil fauna plays an important role in the ecosystem, as it is
involved in nutrient cycling, decomposition and mineraliza-
tion of organic matter, maintenance of trophism, and biological
control (Brygadyrenko, 2016; Frouz et al., 2013; Marichal et al.,
2017). Pesticides can pose risks to the survival and reproduc-
tion of soil fauna, as demonstrated by ecotoxicity tests (Booth
et al,, 2003; Bart et al., 2019; Pelosi et al., 2014). It is recognized
that pesticides and their metabolites could affect non-target or-
ganisms such as earthworms, springtails, spiders, and isopods
(Pelosi et al., 2014; Paoletti, 1999). Therefore, macrofauna and

mesofauna are given significant protection and have been used
as an ecotoxicological indicator tool in the risk assessment of
pesticides (EFSA, 2007).

Springtails are the most abundant arthropods in soils and
play an important role in organic matter decomposition (Peters-
en, 2002). They constitute an explicit community among other
taxa as indicators of ecosystem functioning. The diversity, com-
position, and abundance of this fauna provide an indicator of
the biological activity of the soil to qualify the litter and can be
used as bioindicators of pollution (Cortet et al., 2003; Fiera et al.,
2020a; Parisi et al., 2005; Seres et al., 2009). Numerous diagnos-
tic studies of soil disturbance states concerning anthropogenic
activity can be carried out by analyzing springtail communities
(Fiera et al., 2020a; Frampton, van den Brink, 2007; Ghosal et al.,
2018; Harta et al., 2020).

Therefore, it is assumed that the temporal variation of macro
and mesofauna communities is affected by the different treat-
ment periods and/or soil depth. This study aims to find patterns
in invertebrate community composition related to the effect of
pesticide treatment periods. For this purpose, the temporal vari-
ability of soil invertebrate community through different pesti-
cide treatement periods was assessed in a vineyard where fungi-
cides are the main pest control agent. The analysis of springtail
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Table 1. Details of sampling periods and pesticides (typology, amount) used in the vineyards.

Management March BT sampling May DT sampling August AT sampling
No. Family No. Family No. Family
Tillage 0 - 1 - 0 -
Fungicides 0 - 24 Phosphonate +5 Carboxamide
Dinitrophenol Strobilurin
Carbamate
Phthalimide
Inorganic substance
Triazole

Benzamide

Insecticides 0 - 0 - +1 Organophosphorus

Notes: BT — before treatment; DT — during treatment; AT after treatment.

communities in these soils will be highlighted with the treatment
periods with plant protection products.

Material and methods

Presentation of the study regions

The study was conducted in a vineyard in the Boumerdes re-
gion in northern Algeria, 45 km east of Algiers. This vineyard
region covers more than 11,000 ha of vineyards, an area that is
constantly increasing (500 ha/year) (DAS, 2019). Pesticides are
applied every 10-14 days from the end of April to mid-August,
and fungicides are the most used pesticides for grapes (97% of all
applications), while insecticides (3%) play a minor role.

Soil fauna sampling

The samples were collected at least 1 m within the plot from the
boundaries between the vines’ rows to avoid any border effect.
Soil samples were taken using the quadrat method, which col-
lects all individuals of all species present within a defined area
(Bogy® et al., 2015; David et al., 1999; McCravy, 2018). Soil sam-
ples measuring 25 x 25 cm? and 10 cm depth were collected. The
soil block was cut into three strata during extraction, depending
on the depth: 0-10, 10-20, and 20-30 cm. In total, the fauna of
15 blocks, divided into five sampling points, was studied, thus
making it possible to obtain the most representative sample pos-
sible of the fauna present. At the end of the rainy season, the first
sampling (BT) was carried out just before the beginning of the
treatment campaign with phytosanitary products (March). The
treatments were carried out without interruption until the end
of the sensitivity period (bunch closure). The second sampling
(DT) was carried out at the end of this first treatment period
(May). Subsequently, the treatments were reasoned according to
the observations in the plot in relation to the pressure of pests
and diseases. The last sampling (AT) corresponds to the end of
all treatments with phytosanitary products (August) (Table 1).

Invertebrates recovery

The macrofauna present in the samples was sorted manually and
placed in 75° ethanol or 4° formalin in the laboratory. After the

recovery of the macrofauna, the samples were placed in Berlése
extractors for 10 days. The recovered mesofauna was preserved
in 75° ethanol and subsequently examined under a binocular mi-
croscope for correct identification. The samples were first sepa-
rated into broad taxonomic groups before being determined to
species level for Collembola. Due to the large number of speci-
mens collected, identifying all individuals to species level was
not possible. Mesofauna and macrofauna in the samples were
identified to analyze the effects of pesticide treatement periods
on all invertebrate communities. Only springtails were identified
to species.

Data analysis

Total soil faunal abundance, species richness, Shannon (H"),
Hill, and Simpson (D) diversity indices, as well as the equita-
bility index (E) were used to assess species diversity within the
soil macrofauna and mesofauna communities. The use of three
indices, Shannon Wiener, Simpson, and Hill, concomitantly al-
lows for a more comprehensive analysis of information regard-
ing community structure. The indices are calculated using the
following formulae:

S
H = —ZPilogz P (1),
i=1

where P, is the proportional abundance (P, = n/N), n, is the num-
ber of individuals of each i species in the sample, and N is the
total number of individuals.

E=H'/H ),

X

where H” = log$ (S = total number of species).

po2hi-1 3),
NON=1)
FEll = AV/ef (4),

where A = D (Simpson index).
Concerning Collembola, in addition to abundance, species
richness, Shannon diversity indices (H"), and equitability index
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(E), the Berger—Parker dominance index (d) was used to express
the proportion of individuals represented by the most abundant
species for each period, given by the following formula:

d=N /N (5),

where N_ _is the number of individuals of the numerically domi-
nant species.

Species constancy (C), or frequency of occurrence, is the
number of samples in which a given species is found relative to
the total number of samples. Six classes of constancy were con-
sidered: the species is rare if C < 17%, incidental if 17% < C <
34%, accessory if 34% < C < 51%, regular if 51% < C < 68%, con-
stant if 68% < C < 85%, and omnipresent if C > 85%.

Statistical analysis

We used some statistical methods to identify the changes in the
invertebrate communities in relation to the period and depth of
sampling.

By using the Shapiro-Wilk and Levene’s tests, we found that
the normality of data and homogeneity of variance are violated.
Thus, we chose to use the Friedman test (a nonparametric al-
ternative to the analysis of variance [ANOVA]). Asumptions for
the Friedman test are all met (continuous data, random sample,
group measured on three different occasions). Friedman test was
completed by the Wilcoxon rank test. Statistical analyses were
performed by using IBM SPSS Version 26.

Results

Overall response of the invertebrate community

Considering the temporal dynamics of the community structure,
the soil macro and mesofauna communities in March, May, and
August were clearly different from each other. In March, a total
of 3354 individuals were counted before the pesticide treatment
(BT), including 3295 taxa of mesofauna and 59 taxa of macro-
fauna. In May, a strong decrease in the mesofauna was recorded
with 224 individuals and almost no macrofauna during pesti-
cide application (DT). Then, an increase was observed after the
pesticide treatment, where we counted 39 and 480 individuals
for the macro and mesofauna, respectively. Among the differ-
ent invertebrates present in the soil, we recorded for the phylum
Arthropoda, the classes Collembola, Diplura, Insecta, Arach-
nida, Diplopoda, Chilopoda, Symphyla, Pauropoda, Acari, and
Malacostraca, and only one class of the phylum Annelida, which
is Clitellata. Among the different classes present in the soil, the
mites represented 68.24% of the total fauna in the first sampling
period (BT), followed by the class Collembola (20.34%). Mes-
ostigmata recorded the highest percentage (31.46%) in the Acari
class, and Poduromorpha were the most abundant (12.68%) in
the Collembola class (Table 2).

The results of the Friedman test for the effects of sampling
periods and soil depth on the abundance of meso and macro-
fauna (Table 3) showed significant differences between sampling
periods (p = 0.00005 and p = 0.0004 for meso and macrofauna,
respectively), but there was no significant difference in the depth
(p =0.229 and p = 0.422 for meso and macrofauna, respectively).

Ekoldgia (Bratislava) 2022: 41(1): 26-34

Table 3. p-Values obtained from Friedman test of the effects of sam-
pling periods and depth on the total abundance of the soil meso and
macrofauna communities.

Mesofauna Macrofauna

Friedman X p-Value X p-Value
test

Depth 2.945 0.229 1.724 0.422
Periods 19.600 0.000055* 15.244 <0.05
DT-BT - <0.05 - <0.05
AT-BT - <0.05 - 0.276
AT-DT - <0.05 - <0.05

Notes: *Significantly different groups according to the Wilcoxon test
(p < 0.05). Given are x* estimates and associated nonparametric sig-
nificances. BT — before treatment; DT — during treatment; AT after
treatment.

Thus, the negative effects on soil fauna are explained by the peri-
ods, not by the depth.

In mesofauna community, Wilcoxon test identified three sta-
tistically significant different groups (Table 4) related to the sam-
pling months, separating periods of low (DT: 44.8 + 49.635 in-
dividuals), intermediate (AT: 96 + 85.55), and higher abundance
(BT: 659 + 334.774) (values are presented as mean + SD).

In the macrofauna community, Wilcoxon test identified sig-
nificant differences in the abundance between the community
during the treatment period (DT: 0.4 £ 0.89 individuals) and the
community before (BT: 11.8 + 12.07) and after (AT: 7.8 + 8.01)
treatment (values are presented as mean + SD).

Concerning the groups’ richness, the lowest richness was ob-
served in the middle of the treatment period (Table 4). Friedman
test showed no signifiant differences for the mesofauna, but there
was a significant difference for the macrofauna (p = 0.029); thus,
March was significantly richer than May (p = 0.042).

In addition to higher number of orders and abundance in the
two non-treatment periods (BT and AT), the fauna showed a ho-
mogeneous structure, verified by higher values of biological di-
versity (H¢) and equitability (E) and lower Simpson’s values (D).
Although the average diversity was higher during this period,
these indices did not significantly differ for both communities
(macro and mesofauna) (Table 4). Nevertheless, the Hill index of
the macro and mesofaunal community varied significantly (p =
0.029 and p = 0.036, respectively) between March and May. This
led to the conclusion that samples collected in March, before pes-
ticide application, had greater diversity of macro and mesofaunal
communities (Table 4).

Individual responses of the invertebrate orders

The abundance of most invertebrates was reduced through sam-
pling periods. Entomobryomorpha, Poduromorpha, Mesostig-
mata, Ixodida, and Hemiptera were the most affected groups of
mesofauna and showed markedly reduced number. Moreover,
abundances of the orders of the soil macrofauna differed among
sampling months. However, the mesofauna community abun-
dance exhibited more pronounced decrease than that of macro-
fauna and was affected by the sampling periods.
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Table 4. Effects of periods (BT, DT, AT) on the total abundance, richness, evenness, and diversity of the soil macro and mesofauna com-

munities.
Abundance Friedman test

Treatment BT DT AT ¥ ‘ p ‘ DT-BT | AT-BT | AT-DT
Mesofauna
Shannon's index (H") 2.53 +£0.59 1.51+1 1.96 £1.19 | 3.26 0.196 - - -
E 0.7+0.16 0.6 +0.36 0.6 +£0.33 0.31 0.854 - - -
Simpson's d index (D) 0.25+0.12 0.46+0.32 | 0.39+£0.34 2.21 0.331 - - -
Hill 0.34 +£0.04 0.61 £0.23 | 0.49 £0.29 6.63 0.036*

0.043* 0.225 0.068
Richness (S) 12.4 + 0.54 54 +3.28 8.4+5.31 5.44 0.066 - - -
Macrofauna
Shannon's index (H") 1.44 +0.29 0+0 1.04+0.96 | 5.77 0.056
E 0.88 +0.14 0+0 0.55+0.5 5.33 0.069
Simpson's index (D) 0.21 +£0.21 1+0 0.55+0.4 5.77 0.056
Hill 0.48 £0.21 1+0 0.81 +0.18 7.11 0.029* 0.043* 0.080 0.109
Richness (S) 34+1.14 0.2+0.44 22+2.04 7.11 0.029 0.042* 0.131 0.102

Notes: Abundance, richness, and diversity data are averaged across sampling events. Values are means + SD. Given are * estimates and as-
sociated nonparametric significances of Friedman test. In the case of abundance and richness, * indicates significantly different groups ac-
cording to the Wilcoxon test (p < 0.05). BT — before treatment; DT — during treatment; AT — after treatment.

Table 5. Collembola species abundance found in the experimental location (mean + SD), constancy values (C), and their corresponding

categories.
BT DT AT
Mean Mean Mean
Species abundance | C (%) | Category |abundance | C (%) | Category | abundance | C (%) Category
(xSD) (xSD) (xSD)
Onychiuridae sp. 49.4 £50.78 | 80.00 Constant 1.2+1.78 | 13.33 Rare |18.2+12.73| 60.00 Regular
Protaphorura armata 34.6 +27.28 | 80.00 Constant 0£0 - - 7.2 +9.85 13.33 Rare
Ceratophysella armata 1+£0.7 26.67 | Accidental 0+0 - - 0.4 +0.89 6.67 Rare
Cryptopygus thermophilus | 0.4 +0.54 | 13.33 Rare 02+044 | 6.67 Rare 0+0 - -
Folsomia quadrioculata 52+4.54 | 46.67 | Accessory 0+0 - - 42 +5.76 20.00 | Accidental
Isotomiella minor 43 +20.96 100 | Omnipresent| 0.2+0.44 | 6.67 Rare 9+12.44 46.67 Accessory
Proisotoma minuta 0.8+1.3 13.33 Rare 0£0 - - 0.2 £0.44 6.67 Rare
Lepidocyrtus cyaneus 1.4+2.07 | 20.00 | Accidental 0+0 - - 0+0 - -
Entomobrya sp. 0.6+0.54 | 20.00 | Accidental 0+0 - - 0+0 - -

Notes: BT — before treatment; DT — during treatment; AT — after treatment.

Overall response of the springtail community

In total, 886 individuals and only nine species of springtails (Ta-
ble 5) were sampled and identified over the three study periods
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in the vineyard. An overall effect on springtails was observed;
the composition of the soil springtail community differed sig-
nificantly among the three sampling periods. Friedman test (Ta-
ble 6) clearly showed a negative effect of sampling periods (p =



8.781E-06) on the abundances of springtails in the sampled soils.
In contrast, the depth did not affect the overall springtail com-
munity (p = 0.368).

The six constancy classes considered were observed (Table
5). Five constancy classes were identified before the treatment
(BT). Regular species were absent; only one species (Isotomiella
minor) was omnipresent with C = 100% and two species were
constant (Onychiuridae sp. and Protaphorura armata). Four
classes of constancy were also identified after the treatment (AT).
However, during this period, no springtail species was identified
as omnipresent or constant. The three species identified in March
(DT) were rare: Onychiuridae sp. (13.33%), Cryptopygus thermo-
philus, and Folsomia quadrioculata (6.67% for each species).

The soil springtail community showed significantly high-
er diversity in March than May (p = 0.043). In addition to the
high species diversity in March, we highlight a high uniformity
of community structure, supported significantly (p = 0.043) by
higher equitability (E) (Table 7). Richness differed significantly
among the three periods (p = 0.008). The highest values were ob-
served in March (before the pesticide treatment) and the lowest
in May (during treatment). Significant differences in the Berger-
Parker Index were also observed for collembolan community (p
=0.036). This index shows that the relative preponderance of the
most dominant morphospecies (Onychiuridae sp.) was higher in
the posttreatment period. The lowest value for this index (highest
diversity) was observed before the start of the treatment (Table
7).

Individual responses of springtail taxa

Among the springtail species inventoried during the first, sec-
ond, and third experimental periods, four species had a fre-
quency of occurrence higher than 40% during the pretreatment
period: Onychiuridae sp., Isotomiella minor, and Protaphorura
armata, contributing 36.21, 31.52, and 25.36% of the total Col-
lembola abundance, respectively. These three species represented
more than 93% of all soil springtails caught and Folsomia quad-
rioculata showed an abundance of 3.81%.

The curves in Figure 1 have a hyperbolic shape, which shows
a strong inequality among species. The most abundant spe-
cies (more than 50 individuals per species) were very few. The
rare species were numerous. This series of diagrams shows that

Ekoldgia (Bratislava) 2022: 41(1): 26-34

Onychiuridae sp. and Isotomiella minor were the most abundant
species during all three periods, occupying the first and second
positions, respectively. Protaphorura armata occupied the third
position during the BT and AT periods, while during the DT pe-
riod, Cryptopygus thermophilus occupied this position.

Discussion

Temporal patterns of macrofaunal and mesofaunal abundance and
diversity vary by time period. Previous studies have found that
temperature and precipitation are the critical factors determining
soil faunal abundance (Irmler, 2006). Thus, the combination of
high temperature and lack of precipitation significantly reduces the
abundance of soil invertebrate communities (Wu, Wang, 2019). At
the same time, in our study, faunal abundance and diversity were
lowest in May than in August (warmer and drier months). This
result reflects the fact that pesticide treatment can be a mediator of
the changes in soil marco and mesofaunal communities.

We found a significant effect of the periods on soil inverte-
brates, although the interaction of periods and pesticide treat-
ments showed a clearer trend on soil meso and macrofauna. For
example, higher abundance and diversity in summer compared
to spring depended on the presence of pesticide. Managing vine-

Table 6. p-Values obtained from Friedman test of the effects of sam-
pling periods and depth on the total abundance of Collembola com-
munity.

Total abundance
2

Friedman test X p-Value
Depth 2.000 0.368
Periods 23.286 8.78E-06*
DT-BT 0.001*
AT-BT 0.008*
AT-DT 0.008*

Notes: *Significant differences (p < 0.05). Given are y* estimates and
associated no-parametric significances. BT — before treatment; DT —
during treatment; AT — after treatment.

Table 7. Effects of sampling periods (BT, DT, AT) on the total abundance, richness, evenness, and diversity of the Collembola community.

Treatment H° E d S

BT 0.67+£0.11 1.74 £ 0.31 0.5+0.1 62+1.3

DT 0+0 0+0 1+0 0.6 = 0.54

AT 0.63 +0.41 1.03 +0.86 0.61 +0.32 2.6 £1.94
Friedman test X p X p X p X p
Periods 6.42 0.040* 7.68 0.021* 6.631 0.036* 9.57 0.008*
DT-BT 0.043* 0.043* 0.043* 0.041*
AT-BT 0.686 0.138 0.345 0.042%
AT-DT 0.068 0.068 0.068 0.066

Notes: *Significant differences (p < 0.05). Abundance, richness, and diversity data are averaged across sampling events. Values are means
+ SD. Given are x* estimates and associated nonparametric significances of Friedman test. BT — before treatment; DT — during treatment;

AT - after treatment.
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Fig. 1. Rank-abundance curves in the log of faunal diversity of the fauna observed in the three treatments.

yard soils is known to largely affect soil fauna: chemicals (pesti-
cides) and tillage can seriously reduce soil invertebrate popula-
tions (EI Titi, 2003; Paoletti, 1999).

This suggests that soil fauna of the vineyard was disturbed by
the agronomic practices adopted (pesticides and tillage) and/or
by the climatic factors. Presumably, pesticide addition (especially
fungicides) to vineyard soils resulted in a consistently lower di-
versity/abundance of meso and macrofauna, as found in earlier
studies. Several studies (Bart et al., 2019; Booth et al., 2003; De
Silva et al., 2009; Vogelweith, Thiéry, 2018) have shown that fun-
gicides are potentially dangerous for earthworm reproduction,
thus explaining the near absence of this taxon in our samples.
Pesticides affect the abundance of several arthropod species, es-
pecially in vineyard soils (Pennington et al., 2018).

As for microarthropods, their responses to fungicide appli-
cation vary considerably. For example, Gan and Wickings (2017)
reported that monthly applications of chlorothalonil (fungicide)
at a medium preventive (MP) dose significantly reduced overall
microarthropod abundance.-

The results show that viticultural soil management practices
(pesticides, tillage) can strongly influence the temporal dynamics
of soil fauna, in agreement with other studies (Burgio et al., 2016;
Pryke et al., 2013; Sdenz-Romo et al., 2019). Sharley et al. (2008)
found that tillage in vineyards significantly reduces the popula-
tion of several taxa. Indeed, tillage is known to have a detrimental
effect on functional diversity (Fiera et al., 2020b; Sanchez-More-
no et al.,, 2015). Tillage can affect soil arthropods in different
ways. For example, they can be directly affected by being killed
by mechanical damage or burial and indirectly through habitat
disturbance or deterioration that leads to reduced densities in
vineyards (Sharley et al., 2008) and other crops (Thorbek et al.,
2017). However, further experiments are needed to explore the
mechanisms responsible for changes in fauna.
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This work shows that springtails are less susceptible to the
negative effect of periods. Previous work has shown that spring-
tails can exhibit large population sizes despite pesticide applica-
tion and high management intensity (Fiera et al., 2020b; Framp-
ton, van den Brink, 2007). Thus, these arthropods may be less
affected by agricultural practices than other soil organisms such
as earthworms or epigeous predators (Faber et al., 2017; Holland
etal.,, 1994). This is explained by a greater negative effect on Col-
lembola predators than on the Collembola themselves, leading
to a classical resurgence and rapid recolonization after the end
of treatments.

The current study shows that monitoring the total abundance
of springtails in the field does not detect species-specific effects:
the rarest taxa were not affected by the variation of sampling
month. The present research highlights the strong influence of
periods and intensive vineyard management on the composition
of springtail communities: the number of individuals for both
species Protaphorura armata and Isotomiella minor was higher
in March than in May and August. In line with our hypothesis,
pesticide addition, particularly after application, tended to affect
the abundance and/or composition of Collembola. Therefore,
these results are in line with previous conclusions that targeted
monitoring of species that are representative, easily identified,
and sensitive to chemical treatments may be more appropriate.
These results suggest that these two species ( Protaphorura ar-
mata and Isotomiella minor) are potential candidates as indica-
tors for identifying the risks of pesticides to soil invertebrates and
should be routinely tested as representatives of soil arthropods.

It should be noted that these species have lower densities
during the posttreatment period, because they are directly af-
fected by the addition of pesticides, especially insecticides, as
their morphological and physiological characteristics are similar
to those of the Insecta (Peck, 2009; Zortéa et al., 2018). Studies



have shown the high toxicity of organophosphates to springtails
(Natal-da-Luz et al., 2012; Santos et al., 2012), which could ex-
plain the significant reduction in numbers of some species after
pesticide application. Other studies in vineyards have shown that
mechanical disturbance through frequent tillage is not always
harmful to springtails (Buchholz et al., 2017; Pfingstmann et al.,
2019). Indeed, springtails seem to be more sensitive to the inten-
sity of pesticide management than to tillage.

Considering the effects of month and pesticide on commu-
nity structure, abundance, and diversity of soil fauna, we found
that pesticides have a strong effect on the soil meso and macro-
fauna communities. As a result, our hypothesis was supported.
The results suggest more attention should be focused on the
pesticide treatements in different seasons when monitoring soil
fauna diversity.

However, more detailed studies with more sampling dates per
season are needed to clarify the underlying processes. It is also
important to note that methods for calculating an ecomorpho-
logical index show that edaphic species may be more sensitive
to various factors. For example, above-ground active springtail
communities are probably more exposed to pesticide treatments
than active soil species. In addition, species with a low dispersal
capacity are expected to take longer to recover.

Conclusion

This study explored how soil meso and macrofauna vary among
different periods of sampling in the context of pesticide appli-
cation. It is relevant to note from the experimental results that
the richness of 11 classes of invertebrates consisting of 24 orders
was reduced following sampling periods. Our results suggest
that vineyard treatments with pesticides (mainly fungicides) can
restructure the soil community by affecting the abundance and
diversity of non-target organisms; the most important effects oc-
cur directly after application. These treatment effects, however,
vary between species, which was confirmed by springtails in this
study. The latter showed clear composition, species richness,
abundance, and diversity responses, thus estimating pesticide
risks. However, whether these changes lead to a definitive decline
in numbers remains speculative and requires further research.
Field studies and experiments under controlled conditions are
needed to disentangle the effects of environmental variables and
fungicide toxicity on the viticultural soil faunal community.
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