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ABSTRACT

In this study the oribatid mite communities of conventional and organic vineyards in
the Valencian Community (Spain) were compared. The soil samples were collected in
El Poble Nou de Benitatxell in autumn 2014 and spring 2015 from four sites, treated as
replicates, each including a conventional vineyard, an organic vineyard, and a control
(natural habitat, i.e. in plots 1-3 an abandoned vineyard, in plot 4 an area never used in
agriculture). Two parallel samples were collected in each vineyard from a zone between
vine rows, driven by a tractor (Tr), a zone between vines (Vi), the border of the vineyard
(Bo) and from a control, making a total of 112 samples. In total 3,225 oribatid mites were
obtained represented by 59 species. No differences were found in density of Oribatida
between the conventional, organic vineyards and the control, but the species diversity
was higher in the control than in the vineyards. In the vineyards the density and species
number of the oribatid mites were highest between vines (the average from all vineyards
and both seasons was 4,400 individuals per 1 m?, 15 species), followed by the border of
the vineyards (2,800 individuals per 1 m?, 14 species) and were lowest between vine rows
(400 individuals per 1 m?, 6 species). The species diversity of Oribatida was higher in
autumn than in spring, while the density followed this pattern only in the vineyards, but
not in the control. In the vineyards Oribatula excavata dominated (D = 25), followed by
Minunthozetes quadriareatus and Passalozetes africanus (D = 18 and 14, respectively),
while in the control these species were not abundant. In the control the most abundant
species was Oppiella subpectinata (D = 28), followed by Eremulus flagellifer (D = 20).
Podoribates longipes and Steganacarus boulfekhari are reported for the first time in
Spain. To conclude, the oribatid mites did not benefit from the organic cultivation of
the vineyards, probably because they are tolerant to herbicides used in the conventional
systems but sensitive to mechanical cultivation of soil, which was even more intense in
organic vineyards than in the conventional ones.

Keywords Oribatida, conventional, organic, vineyards, tillage

Introduction

Spain is the country with the largest area of vineyards in the world (with more than 1 million ha,
i.e. 14% of world’s total vineyard area) (OIV 2016). It also leads in the organic viticulture, with
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the largest area of organic vineyards (MAGRAMA 2015). The main organic wine producing
regions in Spain are Castilla La Mancha (4,095 ha), Murcia (3,722 ha), Valéncia (2,086 ha) and
Catalufia (1,127 ha) (Fabeiro et al. 2007).

The main difference between conventional and organic (also called ecological) agriculture
is the use of pesticides and chemical fertilizers in conventional farming and prohibition of
these activities in organic systems. The organic production relies on crop rotation, fixation
of natural nitrogen, biologically active soil, recycled farm manure and crop residues, and on
biological or mechanical weed and pest control (Méder et al. 2002; Bengtsson et al. 2005). In
Spain in organic vineyards some insecticides and fungicides are allowed (azadirachtin, sulfur,
and sometimes, when the weather conditions are optimal for some fungi, copper calcium
sulfate), while in conventional vineyards different pesticides are used (including chlorpyrifos,
azoxistrobin, mancozeb).

The biological activity of soil is affected by oribatid mites (Walter and Proctor 1999),
which are one of the most abundant arthropod group in the organic horizons, also in vineyards
(Suzuki 1979), where they play an important role in decomposition of organic matter, nutrient
cycling and soil formation (Behan-Pelletier 1999). Additionally, some species can possibly
serve in the pest control. For example, the pathogenic fungus, Rhizoctonia solani that attacks
grapevine roots (Walker 1992), can be controlled by the oribatid species Protoribates agricola
and Scheloribates azumaenis (Nakamura et al. 1991; Enami and Nakamura 1996).

In undisturbed agroecosystems the density of Oribatida easily reaches several thousand
individuals per 1 m? and 20-50 species (Behan-Pelletier 1999). These mites are more abundant
in grasslands, with the densities up to several hundred thousand individuals per 1 m?. In the
agricultural fields the density of Oribatida is about ten times lower, mainly because of the
cultivation practices that reduce the density of the soil fauna (Niedbata 1980). Among these
practices, especially mechanical works on the soil, like tillage, ploughing, disking, etc. or using
too high amounts of fertilizers or some chemicals, can have negative effects on the oribatid
communities (summarized by Behan-Pelletier 1999).

The Oribatida of vineyards are poorly studied in comparison to other agroecosystems, like
meadows, pastures, orchards or arable fields. Some studies on the mites from vineyards have
been conducted in Germany (Jorger 1991) and Brazil (Johann et al. 2014), but the Oribatida
were treated only as a group. More detailed studies on these mites from vineyards have been
carried out in Japan (Suzuki 1979), Azerbaijan (Samedov ef al. 1987), Italy (Nannelli and
Simoni 2002) and India (Acharya and Basu 2014), but they were based only on adults, and
none of them included organic vineyards.

Most studies showed a positive effect of organic farming on density (96 of 117 studies; i.e.
82%) and species richness (53 of 63 studies; i.e. 84%) of plants and animals (Bengtsson et
al. 2005). Regarding microarthropods, most studies on the effect of organic and conventional
agriculture have been carried out in the annual cultures (e.g. Bettiol et al. 2002; Van Leeuwen
et al. 2015) and more soil microarthropods were found in organically managed farming
systems than in conventional ones. Oribatida reacted positively to organic management,
together with Uropodina (Badejo ef al. 2004). However, in apple orchards that were permanent
crop, there was no significant difference in density of oribatid mites between the organic and
conventional management (Doles ef al. 2001). Based on these results we hypothesized that
organic cultivation of vineyards vs. conventional one has no impact on the oribatid density and
species richness.

The aims of this study were (1) to compare the oribatid communities in conventional and
organic vineyards, (2) investigate the community structure of Oribatida in selected habitats in
vineyards, (3) compare the dynamics of these mites in autumn and spring, and (4) improve the
knowledge of the species diversity in the vineyards.
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Materials and methods
Study sites

The study was carried out in El Poble Nou de Benitatxell, a village located in the Valéncian
Community, Spain (Figure 1). The village has an area of 12.65 km? and is situated on a
hill of the elevation 159 m a.s.l. The climate of the area is clearly Mediterranean, with mild
temperature in winter and higher in summer, with a characteristic period of drought in summer
and higher rainfall in spring and autumn (Figure 2). The year 2014 was drier (annual rainfall
251 mm) than the year 2015 (518 mm). In the sampling seasons (autumn 2014 and spring
2015), the average temperature was 17°C and 18°C, respectively, and the average rainfall was
135 mm and 25 mm (MAGRAMA 2015).

The soils are calcareous, including deposition and lithology marls (‘Tap” facies) and
decarbonated soils (terra rossa) (Barbér Vallés and Moity Martin 2009). The morphology of the
landscape is characterized by a strong anthropization, predominantly terraced with stone walls.
Traditionally, these terraces were planted with cereals, legumes (beans) and Muscat grapes, but
nowadays unirrigated vineyards with table grapes (Muscat of Alexandria variety) predominate
(80% of the cultivated land, i.e. 368 ha; Statistics National Institute: Agrarian Census 2009).

Most vineyards have been cultivated in a conventional way, with the use of synthetic
fertilizers and pesticides. But since farmers are becoming aware of problems caused by these
substances in the ecosystems, they have started an initiative to change the conventional system
into organic one. Thus, the crop receives water exclusively from the rain and the farmers

Municipality El Poble Nou de Benitatxell

>

Figure 1 Locality of the study plots in El Poble Nou de Benitatxell.
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maintain the traditional cultural techniques without mineral fertilizing and only some pesticides
(azadirachtin, sulfur, and seldom, copper calcium sulfate). In Spain the normative says a farmer
needs 4 years to get the organic national certification. The project also prioritizes fair trade,
giving a fair price to the farmer and selling locally, thus reducing CO, emissions form the
transport (Domingo et al. 2014).

Four study sites, which are included in this local project of changing the table grapes
production into organic system, were selected. They were treated as replicates and each
included a conventional vineyard, an organic vineyard and a natural habitat (control), that was
in plots 1-3 an abandoned vineyard and in plot 4 the area never used in agriculture. Their
locality was respectively: site 1 - 38°44°16.28” N, 0°7°33.80” E; 38°44°16.20” N, 0°7°32.35”
E; 38°44°17.52” N, 0°7°33.35” E, site 2 - 38°44°15.59” N, 0°8°22.83” E; 38°44°13.17” N,
0°8°24.57” E, and 38°44°11.74” N, 0°8°24.97” E), site 3 - 38°43°38.10” N, 0°8°51.19” E;
38°43°38.34” N, 0°8°50.50” E; 38°43°40.63” N, 0°8°54.48” E, and site 4 - 38°43°5.94” N,
0°8°17.71” E; 38°43°50.83” N, 0°7°48.42” E, 38°43°52.24” N, 0°7°48.48” E. The vines in sites
1-4 were planted respectively in the years 1992, 1967, 1980 and 1987, but since 2012 all of
them have been cultivated in organic system.

In the conventional system of management (Table 1) the farmers apply herbicides to kill
weeds before spring (the active ingredient is glyphosate 36%) and they use chemical fertilizers
with different formulations. In organic vineyards they do not apply any herbicide, but from the
second tilling on, an implement that cuts weeds between vines is added. Since 2013 these plots
are fertilized with sheep manure. Finally, uncultivated plots do not show any intervention or
modification, being occupied by spontaneous vegetation.

In total, 40 plant species were recorded in all plots during a 6-month study (March-August).
The number of species was similar in conventional and organic vineyards and in the natural
habitat (Table 2), while the plants density and plant cover were highest in the natural habitat,
followed by the organic vineyards, and were lowest in conventional vineyards.

180 1 T 30
160 + 3 )
140 + T%
120 + T 20
100 + - A
80 + N T
60 7 R + 10
40 + I
20 T
0 Hl=my= Oimy | :I—I:H: :H: H HE-= |—||_| 4 0
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Figure 2 Mean temperature (°C) and sum of precipitation (mm) in all months of years 2014 and 2015 in El Poble Nou de Benitatxell (data
from MAGRAMA 2015).
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Table 1 Cultivation practices in vineyards in El Poble Nou de Benitatxell.

Cultivation practice Method Time Conventional Organic
vineyards vineyards
Annual pruning of Secateurs January Yes Yes
vines
Annual fertilizing Fertilizer spreader February Yes (mineral)  Yes (sheep manure)
Tillage (to incorporate Tractor February Yes Yes
fertilizer)
Weed control Herbicide April Yes No
Weed control Tractor April No Yes
Tillage Tractor May Yes Yes
Removing branches, Manual May Yes Yes
clearing canopy
Tillage Tractor June Yes Yes
Collecting fruit Manual Mid-August-September Yes Yes

Sampling and mite analyses

Sampling was carried out in autumn (13 Nov. 2014) and spring (12 Jun. 2015). In each of the
four sites two parallel samples (each of the area 950 cm?, 10 cm deep) were collected with metal
corer from seven plots: (1) natural habitat, treated as the control, (2) conventional vineyard,
zone between vine rows, driven by a tractor (hereafter referred to as Tr), (3) conventional
vineyard, zone between vines (Vi), (4) border of conventional vineyard (Bo), and organic
vineyard from the same habitats, (5) Tr, (6) Vi and (7) Bo. In total 112 samples were collected
(4 sites x 2 samples x 7 plots x 2 seasons).

The samples were extracted in Berlese funnels during 4 days at the Universitat Politécnica
de Valéncia; the time of extraction was based on the observation that after 4 days no living
mites were present in the samples. The mites were preserved in 70% ethanol and Oribatida
were sorted out under stereomicroscope and determined, including the juveniles, at the UTP
University of Science and Technology. The nomenclature of the Oribatida follows Weigmann
(2006) and partly Subias (2004, 2015). The data presented in tables 3 and 5 and in Figure 3
refer to all mites, including adults and juveniles. Authors and dates of the taxonomic names are
listed in Table 1.

Oribatid mite populations were characterized by the density (4), dominance (D) and
constancy (C) indices, and oribatid mite communities were characterized by the number of
species (S) and the Shannon (H’) diversity index (Odum 1982). The basic statistical descriptors
included the minimum, maximum, mean values and standard deviation. For the other statistical
analyses, the values were log-transformed In (x+1) (Lomnicki 2010). Normality of the
distribution was tested with the Kolmogorov-Smirnov test, while the equality of variance in
different samples, with the Levene test. The assumption of normality or equality of variance
was not met, so the non-parametric ANOVA rang Kruskal-Wallis was used and then, in case
of significant differences between averages, the multiple comparison test between average
ranks was used. The level of significance for all statistical tests was accepted at a = 0.05. The
statistical calculations mentioned above were carried out with STATISTICA 10.0 software.

Subsequently, based on the same log-transformed In (x+1) data set the analysis of the
community structure of the Oribatida with detrended correspondence analysis (DCA) was
performed using MVSP 3.2 (Multi Variate Statistical Package, Kovach Computing Services;
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Table 2 Vegetation characteristics in studied plots in El Poble Nou de Benitatxell (average data from 4 sites and from 6 vegetation analyses
from March to August); 4 — density per 1 m?, % of cover.

Conventional Organic

Species Control vineyards vineyards

% A % A %
Anagallis arvensis L. 0 0 0.6 0.1 0.6 0.4
Arisarum vulgare Targ.-Tozz. 0.3 0 0 0 0 0
Avena fatua L. 0.2 0 0.5 0 0.1 0.1
Blackstonia perfoliata (L.) Huds. 0.4 0.1 0
Brachypodium retusum Pers. (Beauv.) 26.3 35 0.3 0.3
Bromus madritensis L. 1 2.7 0.2 0 0.1
Calendula arvensis L. 0.1 0 0.4 0.1 4.7 1.2
Centaurea cyanus L. 0 0 0.3 0.7 0 0
Convolvulus althaeoides L. 0.1 1.3 0.7 0.1 2.3 0.9
Conyza bonariensis (L.) Cronquist 2.9 1 0 0 0.3 0.5
Cynodon dactylon (L.) Pers. 0 0 0.5 0.4 0
Diplotaxis erucoides (L.) DC. 0 0 0 0 0.1
Elymus pungens (Pers.) Melderis 0.1 1.2 1.3 0.4 0.1 0.3
Erodium cicutarium (L.) L'Hér. ex Aiton. 0.1 0 0.4 0.7 0.1 0.4
E. malacoides (L.) L'Hér. 0.1 0 0.3 0.7 1.5 2.9
Euphorbia falcata L. 0 0 0 0 0.3 0
E. helioscopia L. 1 0.1 0 0 0.3 0.1
E. segetalis L. 0.4 0.1 0.9 0.5 0.9 0.1
Foeniculum vulgare Mill. 0.3 0.5 0 0 0 0
Fumaria officinalis L. 0.3 0.1 0 0 0.6 0.2
Galactites tomentosa Moench 0 0 0.5 0.4 0 0
Geranium rotundifolium L. 0 0 0 0 0.7 2.7
Hyparrhenia hirta (L.) Stapf 24 8.5 0.5 0.3 0.2 0.4
Lavatera cretica L. 0 0 1.9 2.8 0 0
Leucanthemum paludosum (Poir.) Bonnet & Barratte 0 0 11 0.2 5.1 1.6
Lotus ornithopodioides L. 0.3 0.1 0.8 0.2 1 0.3
Medicago minima (L.) Bartal 0.7 0.5 0.6 1.6 2 2.9
Mercurialis annua L. 0 0 2.3 0.2
Muscari neglectum Guss. ex Ten. 0.1 0 0
Oxalis pes-caprae L. 3.8 2 6.8 4.3 4.6
Picris echioides L. 0.1 0 0.5 0.1 0.8 0.1
Plantago albicans L. 0.1 0 0.2
P. lagopus L. 0.2 0 0 0
Reichardia tingitana (L.) Roth 0 0 0.2 0.3 0.1 0.1
Rhamnus alaternus L. 0.1 0.1 0.1
Rubia peregrina L. 0.4 0.1 0
Sonchus oleraceus L. 13 0.2 1.3 0.5 2.3 0.7
S. tenerrimus L. 0.1 1 0.1 0 0.3
Vicia pseudocracca Bertol. 0.1 0 0 0 0.2
V. sativa L. 0.3 0 0 0 0.3 0.1
Total 43.3 54.7 21.7 14.7 31.3 20.2
Number of species 29 25 27
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Piernik 2008). DCA, instead of PCA, was carried out because the length of gradient was 3.9
indicating that unimodal models are more appropriate than linear models (Leps and Smilauer
2003), because the structure of the data has unimodal character (i.e. each species occurs in
particular range of a given habitat parameter) (Hill and Gauch 1980).

Results

In total 3,225 oribatid mites were obtained, represented by 59 species from 39 families (Table
3). Oppiidae were represented by nine species, Oribatulidae by eight species, Suctobelbidae by
three species, while other families were represented by one or two species.

The average density of Oribatida in the control was over 2-fold higher (5,900 individuals
per 1 m?) than in the vineyards (average value from all habitats was 2,820 individuals per 1
m? in conventional vineyards and 2,250 individuals per 1 m? in organic vineyards), but these
results were insignificant (Table 4). In each type of vineyard the significant differences were
only observed between plots Tr and Vi in the autumn (Table 4).

In the control, the density of Oribatida was similar in both seasons, while in the vineyards,
both conventional and organic, it was several-fold higher in autumn than in spring (Table 4).
The decrease of abundance was especially conspicuous in the juveniles (Table 4); in the autumn
their participation among Oribatida was on average 11% and in spring 6%. In all plots the
number of species was higher in autumn than in spring, and the Shannon diversity index usually
followed this pattern.

According to detrended correspondence analysis (DCA), oribatid mite communities of
the control were clearly different from those of the vineyards (Figure 3). The conventional
and organic vineyards did not differ from each other, but the three studied habitats differed.
Among more abundant species, Oribatula excavata mostly structured the ordination and was
characteristic for vineyards (Figure 3). Another species that also affected the ordination was
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Figure 3 Detrended correspondence analysis (DCA) in studied plots in El Poble Nou de Benitatxell: Tr — zone between rows driven by a
tractor, Vi— zone between vines, Bo — border; 12 most abundant species (with D > 5) are underlined; eigenvalues for axes 1 and 2 are 0.54 and
0.24, respectively.
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Table 3 The occurrence (+) of oribatid families and species in studied plots in El Poble Nou de Benitatxell: Tr — zone between rows driven by
a tractor, Vi— zone between vines, Bo — border.

Autumn Spring
Family Species Symbol Conventional Organic Conventional Organic
Control - - Control - -
Tr Vi Bo Tr Vi Bo Tr Vi Bo Tr Vi Bo
Ctenacaridae Aphelacarus acarinus (Berlese, 1910) Aaca + o+
Sphaerochthoniidae  Sphaerochthonius splendidus (Berlese, Sspl + + o+ o+ + o+ 4 + + 4
1904)
Hypochthoniidae Hypochthonius luteus Oudemans, 1917 Hlut +
Haplochthoniidae Haplochthonius clavatus (Hammer, 1958) Hcla + + +
Cosmochthoniidae  Cosmochthonius lanatus (Michael, 1885) Clan + + +
Lohmanniidae Lohmannia paradoxa (Haller, 1884) Lpar + + +
Epilohmanniidae Epilohmannia cylindrica (Berlese, 1904) Ecyl + + o+ +
Phthiracaridae Steganacarus boulfekhari Niedbala, 1986 Shou +
Euphthiracaridae Rhysotritia ardua (C. L. Koch, 1841) Rard + + + +
Nothridae Nothrus anauniensis Canestrini & Fanzago, Nana + + +
1876
Camisiidae Camisia segnis (Hermann, 1804) Cseg + +
Gymnodamaeidae  Arthrodamaeus reticulatus Berlese, 1910 Aret + o+ + + o+ +
Pheroliodidae Licnoliodes adminensis Grandjean, 1933 Ladm + + +
Damaeidae Metabelba papillipes (Nicolet, 1855) Mpap + + o+
Porobelba spinosa (Sellnick, 1920) Pspi + + + + +
Liacaridae Xenillus sp.1 Xenl + +
Zetorchestidae Microzetorchestes emeryi (Coggi, 1898) Meme +
Ctenobelbidae Ctenobelba pectinigera (Berlese, 1908) Cpec
Eremulidae Eremulus flagellifer Berlese, 1908 Efla + + o+ + o+
Damaeolidae Fosseremus laciniatus (Berlese, 1905) Flac + + +
Oppiidae Corynoppia foliatoides Subias & Cfol +
Rodriguez, 1986
Neotrichoppia confinis (Paoli, 1908) Ncon + +
Oppia africana Kok, 1967 Oafr +
O. arcidiaconoae Bernini, 1973 Oarc + +
O. minus (Paoli, 1908) Omin + o+
Oppiella subpectinata (Oudemans, 1900) Osub + + +
Ramusella clavipectinata (Michael, 1885) Rcla + o+
R. elliptica (Berlese, 1908) Rell + o+
R. insculpta (Paoli, 1908) Rins + +
Suctobelbidae Suctobelbella arcana Moritz, 1970 Sarc + +
S. messneri Moritz, 1971 Smes +
S. opistodentata (Golosova, 1970) Sopi +
Tectocepheidae Tectocepheus velatus (Michael, 1880) Tvel + + o+ o+ o+ + + + +

Galumna tarsipennata that was present in conventional and organic vineyards, as well as in the
control, but its abundance was significantly higher in zone Vi than in other habitats (Table 5).
In the vineyards, Oribatula excavata dominated, followed by Minunthozetes quadriareatus
and Passalozetes africanus, while in the control these species were not abundant (Table 5). In
the control the most abundant was Oppiella subpectinata followed by Eremulus flagellifer which
were by contrast not abundant in the vineyards. Based on the list of Subias and Shtanchaeva
(2012), Podoribates longipes and Steganacarus boulfekhari are new to the Spanish fauna.
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Table 3 Continued.

Autumn Spring
Family Species Symbol Conventional Organic Conventional Organic
Control - - Control - -
Tr Vi Bo Tr Vi Bo Tr Vi Bo Tr Vi Bo
Scutoverticidae Scutovertex perforatulus Mihelcic, 1958 Sper +
S. sculptus Michael, 1879 Sscu +
Passalozetidae Passalozetes africanus Grandjean, 1932 Pafr + + o+ + o+ o+ o+ + + o+ o+ o+ o+ o+
Micreremidae Micreremus brevipes (Michael, 1888) Mbre +
Ceratozetidae Ceratozetes conjunctus Mihelcic, 1956 Ccon + + o+ 0+ + o+
Humerobatidae Humerobates rostrolamellatus Grandjean, Hros + + + +
1936
Punctoribatidae Minunthozetes quadriareatus Minguez, Mqua + + o+ o+ o+ + + +
Subias & Ruiz, 1986
Mochlozetidae Podoribates longipes (Berlese, 1887) Plon +
Oribatulidae Lucoppia burrowsii (Michael, 1890) Lbur + + + 4+ + o+ + + + 0+ +
Oribatula sp. 1 Oril + + 0+ + o+ o+ o+ + +
O. dactylaris (Subias, Ruiz & Kahwash, Odac +
1990)
O. exarata (Berlese, 1916) Oexa + o+ + + +
O. excavata Berlese, 1916 Oexc + + + + + + 0+ + + + + + 0+
O. frisiae (Oudemans, 1900) Ofri + + +
Phauloppia lucorum (C.L. Koch, 1841) Pluc
Pseudoppia mediocris (Mihelcic, 1957) Pmed +
Hemileiidae Hemileius initialis (Berlese, 1908) Hini + + + + +
Liebstadiidae Liebstadia similis (Michael, 1888) Lsim + +
Scheloribatidae Scheloribates barbatulus Mihelcic, 1956 Shar + + + + +
S. latipes (C.L. Koch, 1844) Slat +
Protoribatidae Protoribates capucinus Berlese, 1908 Pcap + +
P . dentatus Berlese, 1883 Pden +
Haplozetidae Incabates pallidus (Mihelcic, 1956) Ipal + + o+ +
Peloribates sp.1 Pell +
Galumnidae Allogalumna sp.1 Alll + +
Galumna tarsipennata Oudemans, 1913 Gtar + + o+ + o+ + + +

Discussion

The density and species diversity of Oribatida was similar in both types of vineyards, despite the
fact that the vegetation was more abundant and diverse in the organic system. The herbicides
used in conventional vineyards clearly affected the vegetation there, but not the soil Oribatida.
Generally herbicides and fungicides are less harmful to oribatid mites than are insecticides
(Lebrun 1977). When they are applied occasionally and in doses permitted in the agriculture,
they do not change significantly the density of Oribatida (Niedbata 1980; Fuangarworn et al.
2002). In contrast, insecticides decrease the general density of Oribatida, but some species
tolerate them, including Oppiella nova, Scheloribates latipes and S. laevigatus. The density of
these species increases (Niedbata 1980; Adan et al. 1991), partly due to lower abundance of
their predators, caused by insecticides (Menhinick 1962). In contrast, Galumna tarsipennata
reacted negatively to pesticides (Adéan et al. 1991), but in our study it had a similar abundance
in both types of vineyards, that means it is tolerant of herbicides used in conventional vineyards.
This reaction of oribatid mites contrasts with the general findings that organic farming has a
positive effect on the abundance and species richness of organisms (summarized by Bengtsson
et al. 2005), but is consistent with observations on the oribatid mites in apple orchards (Doles
et al. 2001) and on other arthropods in vineyards (Meseguer Cervera 2014; Garcia-Parra 2015).
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Table 4 Mean values = SD and range of density (4, in 10" individuals/m?), number of species S) and Shannon (H’) index of Oribatida in
studied plots in El Poble Nou de Benitatxell in spring (Sp) and autumn (Au); Tr — zone between rows driven by a tractor, Vi — zone between
vines, Bo — border; SD = standard deviation, H, p — the result of Kruskal-Wallis nonparametrical analysis of variance (ANOVA)

Conventional Organic ANOVA rang
Parameter .
Control . . Kruskal-Wallis
Tr Vi Bo Tr Vi Bo —_—m——

H p
Adults Au 55%+92  1.0°+0.8 6.9+ 4.8 3.9%+17 0.3+ 05 58%+43  41™+32  26.23 0

A (X + SD, range) 0.5-28.0 0.2-2.6 2.5-16.2 2.2-6.8 0.0-1.5 0.3-11.2 0.0-9.7
Sp 46461  03%*+06 22%+18 09 +08 01°+01  03*+04 09°*+17 2338 0

0.0-18.3 0.0-1.7 0.0-5.4 0.2-2.6 0.0-0.4 0.0-1.3 0.0-4.4
Juveniles Au 1.4%°4 2.0 0.0°+0.0 1010  05™+07  0.0%"+0.0 1.2+ 0.9 0.6+07 2539 0

A (X + SD, range) 0.0-6.1 0.0-0.0 0.0-2.5 0.0-1.7 0.0-0.1 0.0-2.6 0.0-2.1
Sp 0.3%+0.3 0.0*+004 01®™+02  02%+03 0.0°+0.0 0.0"+00 01%+02  27.09 0

0.0-0.8 0.0-0.1 0.0-0.6 0.0-0.8 0.0-0.0 0.0-0.1 0.0-0.6
Total Au 6.9°+11.1  1.0%+0.8 7.8°+56 4419  03"++05 7.0%t49  47%+38 2701 0

A (X + SD, range) 0.6-34.1 0.2-2.6 2.6-17.8 2.2-75 0.0-1.6 0.3+13.9 0.0-11.8
Sp 4.9°+6.4 0.3+ 06  23%+19  11%*x+09  00*+01 0405 1.0°*+19 24.36 0

0.0-19.1 0.0-1.7 0.0-6.0 0.3-2.7 0.0-0.4 0.0-1.4 0.0-5.0

s Au 27 10 21 17 7 21 17

Sp 13 4 10 15 2 6 7
" Au 2.501 1.707 2.433 2.064 1.969 2.243 1.925
Sp 1.685 0.726 1.401 2.459 0.562 1.578 1.463

* —significant differences between autumn and spring;

p <0.05

abed _ differences between study plots; mean values with the same letter are not significantly different, at

In the same vineyards of El Poble Nou de Benitatxell as studied here, the abundance of thrips
(Thysanoptera), eulophids (Eulophidae), aphelinids (Aphelinidae) and aphidiins (Aphidiinae)
did not differ between both types of cultivation (Meseguer Cervera 2014), while the abundance
of mesostigmatic mites was higher in conventional vineyards than in organic ones (Garcia-Parra
2015).

In both types of vineyards the density of Oribatida and their species richness varied
between three studied habitats (zone between vine rows, zone between vines, border of
vineyard), which can be mainly explained by the sensitivity of these mites to the mechanical
treatment of soil (Behan-Pelletier 1999). For example tillage reduced the density of Oribatida,
but did not affect Mesostigmata, and increased the density of Prostigmata (Winter et al.
1990). Also in the vineyards of El Poble Nou de Benitatxell, the cultural practices did not
affect the density of Mesostigmata, but their species diversity (Garcia-Parra 2015). These
differences between Oribatida and Mesostigmata can be explained by their different mobility;
the predatory Mesostigmata move quickly and easily colonize new habitats, while Oribatida
are slowly moving, 11-20 cm a day (Berthet and Gerard 1965), being more sensitive than the
Mesostigmata to changes in their environment.

The density of Oribatida in the present study was similar to that reported from the vineyards
in Italy (3,300-6,900 adult individuals per 1 m?; Nannelli and Simoni 2002), and seems to be
typical for these ecosystems in the Mediterranean region. In other geographical regions, much
higher densities of Oribatida were noted in vineyards; to a great extent this can be explained
by different climatic conditions, especially higher humidity or colder climate. For example,
in Japan, where grapes grow in monsoonal climate, with the annual rainfall above 1000
mm, including 800 mm in growing season, the density of Oribatida in vineyards was 57,000
individuals per 1 m? (Suzuki 1979). In Azerbaijan the density of Oribatida varied depending on
the soil type between 40,000-422,000 individuals per 1 m? (Samedov et al. 1987). Although
the wine regions of Azerbaijan are characterized by a low rainfall (250-600 mm), similarly to
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Table 5 Mean values + SD and range of density (4, in 10? individuals/m?), dominance (D) and constancy (C) indices of Oribatida with D > 5 in
studied plots in El Poble Nou de Benitatxell: Tr — zone between rows driven by a tractor, Vi — zone between vines, Bo — border; SD = standard
deviation, H, p — the result of Kruskal-Wallis nonparametrical analysis of variance (ANOVA); symbols of species are explained in table 3.

Symbol Autumn
of species Control Conventional Organic ANOVA rang
Tr Vi Bo Tr Vi Bo Kruskal-Wallis
H p
Efla A 1.4%2.6 0.0° 0.8%#1.6  0.1%#0.2 0.0° 0.0°40.0  0.0%+0.0 11.68 0.07
0.0-7.5 0.0-45 0.0-0.4 0.0-0.1 0.0-0.1
c 50 0 375 25 0 125 12.5
D 19.9 0 9.9 1.8 0 0.2 0.3
Gtar A 0.1+0.1 0.0° 1329  05%+1.1 0.0° 1.2°%14  0.0®+00 2568 0
0.0-0.3 0.0-8.4 0.0-3.0 0.0-3.9 0.0-0.1
o 50 0 87.5 25 0 75 12.5
D 15 0 16.1 10.7 0 16.8 0.3
Hins A 0.0* 0.0%0.0 0.0% 0.0% 0.0° 0.0° 0.0%00 509 053
0.0-0.1 0.0-0.1
C 0 125 0 0 0 0 12.5
D 0 1.3 0 0 0 0 0.3
Lbur A 0.0%0.0  0.0%0.0  0.1%01  0.3%0.4 0.0% 05%1.4 0306 954 014
0.0-0.1 0.0-0.1 0.0-0.3 0.0-1.0 0.0-4.0 0.0-1.7
c 125 125 375 50 0 125 375
D 0.2 1.3 0.8 7.2 0 7.2 5.6
Mgua A 05407 0101  1.0+08  15%25  0.0%00 1.7%%18  12%14 1241 005
0.0-2.1 0.0-0.4 0.0-2.2 0.0-7.2 0.0-0.1 0.0-4.7 0.0-3.4
c 50 50 87.5 50 12.5 62.5 62.5
D 7 9 13.1 34 45 243 24.6
Omin A 0.0° 0.0° 0.0° 0.0%40.0  0.1%+0.2 0.0° 0.0° 5.09 053
0.0-0.1 0.0-0.4
c 0 0 0 125 12.5 0 0
D 0 0 0 0.3 18.2 0 0
Osub A 1.9%5.3 0.0° 0.2°+0.4 0.0° 0.0° 0.3%0.9 0.0° 8.07 023
0.0-15.1 0.0-1.0 0.0-2.5
C 25 0 25 0 0 125 0
D 27.9 0 2.2 0 0 45 0
Oril A 0.1°%40.2  0.1%403  1.1%+20  0.0%%0.1  0.0%#0.0 0.1%02  04%06 567 046
0.0-0.4 0.0-0.9 0.0-4.4 0.0-0.1 0.0-0.1 0.0-0.5 0.0-1.4
C 375 125 25 25 12.5 125 50
D 1.7 115 13.6 0.6 45 0.9 8.9
Oexc A 0.1%40.2 03%:06 1.2%+13 1.0%:08 01*+01 14°+13 1523 1652 001
0.0-0.5 0.0-1.8 0.0-3.4 0.0-2.1 0.0-0.2 0.0-3.7 0.0-6.8
c 25 87.5 87.5 75 375 75 75
D 1.1 34.6 14.8 22.4 22.7 19.8 32.7
Offri A 0.0° 0.0° 0.0° 0.0° 0.0° 0.0%+0.0 0.0° 6 0.42
0.0-0.1
c 0 0 0 0 0 125 0
D 0 0 0 0 0 0.19 0
Pafr A 0.1%0.2  0.3%0.4 1.0%+1.2  0.3%0.3 0001 05%05 0.7+08 1254 005
0.0-0.4 0.0-0.8 0.0-2.8 0.0-0.9 0.0-0.3 0.0-1.4 0.0-2.0
o 375 62.5 87.5 62.5 12.5 75 62.5
D 1.7 30.8 13.1 6.3 13.6 6.6 14.5
Sspl A 0.2°40.3  01%02  0.1%03 00401  01%02 0001 0000 377 071
0.0-15 0.0-0.4 0.0-0.8 0.0-0.3 0.0-0.6 0.0-0.1 0.0-0.1
C 375 25 375 125 12.5 37.5 12.5
D 2.3 6.4 1.7 0.9 27.3 0.6 0.3

Seniczak A. et al. (2018), Acarologia 58(Suppl): 119-133; DOI 10.24349/acarologia/20184281

129


http://www1.montpellier.inra.fr/CBGP/acarologia/

Acaroloaia

Table 5 Continued.

Symbol Spring
of species Control Conventional Organic ANOVA rang
Tr Vi Bo Tr Vi Bo Kruskal-Wallis
H p
Efla A 0.0%* 0.0° 0.0° 0.0° 0.0° 0.0° 0.0° 0 1
C 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0
Gtar A 0.0%0.0 0.0° 0.1%*+0.2 0.0° 0.0° 0.0*£0.0 0.0° 1142 0.08
0.0-0.1 0.0-0.4 0.0-0.1
C 12.5 0 375 0 0 12.5 0
D 0.3 0 34 0 0 36 0
Hins A 0.5%+1.0 0.0° 0.0° 0.0%+0.0 0.0° 0.0° 0.1%04 115 007
0.0-2.4 0.0-0.1 0.0-1.0
C 375 0 0 125 0 0 125
D 11.1 0 0 1.1 0 0 133
Lbur A 0.2°#0.4  0.0%40.0  05%0.9  0.3%:0.6 0.0° 0.2°+0.3 0 1035 0.11
0.0-1.3 0.0-0.1 0.0-2.6 0.0-1.3 0.0-0.8
C 50 125 375 375 0 25 0
D 5 3.7 24 31 0 46.4 0
Mgua A 0.0%+0.1 0.0%* 0.0%*+0.1 0.0% 0.0° 0.0+0.1 0.0%* 10.99  0.09
0.0-0.1 0.0-0.1 0.0-0.2
C 25 0 375 0 0 12.5 0
D 05 0 1.7 0 0 71 0
Omin A 0.0° 0.0° 0.0° 0.0° 0.0° 0.0° 0.0° 0 1
C 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0
Osub A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 1
C 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0
Oril A 0.0° 0.0° 0.1%0.2  0.0%0.1 0.0° 0.0° 0.2%05 1086 0.09
0.0-0.6 0.0-0.1 0.0-1.4
C 0 0 25 375 0 0 25
D 0 0 4 3.4 0 0 20
Oexc A 0.0° 0.0*+0.0  0.0™*x0.1 0.0**0.0  0.0%+0.0  0.0™*+0.1 0.0™*+0.1 2.84 0.83
0.0-0.1 0.0-0.1 0.0-0.1 0.0-0.1 0.0-0.3 0.0-0.2
C 0 125 25 125 12.5 12.5 25
D 0 37 1.1 1.1 25 10.7 4
Ofri A 2.8%46.2 0.0° 0.0° 0.0°+0.0 0.0° 0.0° 0.0° 20.89 0.02
0.0-18.0 0.0-0.1
C 50 0 0 125 0 0 0
D 56.2 0 0 1.15 0 0 0
Pafr A 0.1%+02 03%+06 13%14 01%+0.1 0.0°01 00*°+01 05%+14 159 001
0.0-0.4 0.0-1.7 0.0-3.5 0.0-0.3 0.0-0.3 0.0-0.3 0.0-3.9
C 50 50 87.5 50 12.5 25 125
D 2.92 81.5 56.6 9.2 75 14.3 49.3
Sspl A 0.3%+0.5 0.0° 0.0%40.1  0.1%0.0 0.0° 0.0° 0.0° 1163 0.07
0.0-1.5 0.0-0.3 0.0-0.1
C 375 0 125 125 0 0
D 6.1 0 1.71 1.15 0 0
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those in Spain, in many vineyards irrigation is used, and the average annual temperatures are
lower than in Spain (10.5-15.5°C), that seems to provide more favorable conditions for oribatid
mites.

In the control the density of Oribatida was similar in both seasons, while in the vineyards it
varied, which can be explained by the cultivation practices that took place mainly in the spring,
reducing the density of mites.

In the present study 59 species of Oribatida were found, and 57 of them were reported from
the vineyards. Similar number of oribatid species was found in Italy (51 species; Nannelli and
Simoni 2002) and Azerbaijan (61 species; Samedov et al. 1987), but was lower in Japan (24
species; Suzuki 1979) and India (16 species; Acharya and Basu 2014). Agricultural treatments
of vineyards reduced the species richness of Oribatida, which is consistent with the conclusions
of Meseguer Cervera (2014) and Garcia-Parra (2015) who made similar observations on other
arthropod groups in the same vineyards.

In the vineyards, Oribatula excavata dominated, followed by Minunthozetes quadriareatus
and Passalozetes africanus. Oribatula excavata is a common species in Europe that is
considered eurytopic, little sensitive to humidity conditions or organic matter content, and often
found in cultivated fields (Pérez-fiiigo 1993) and in meadows (Weigmann 2006). Minunthozetes
quadriareatus has a Mediterranean occidental distribution and is found in cultivated fields
(Mingue et al. 1986). It is considered xerophilous, with preferences to cultivated soils (Pérez-
fiiigo 1993), what explains its higher abundance in the vineyards than in the control. Similarly,
Passalozetes africanus is a xerophilous species that is characteristic for very dry Mediterranean
environment. It is tolerant of high temperatures and found in the areas without vegetation
(Pérez-Inigo 1993), which explains its highest dominance in the area between the vine rows,
driven by a tractor, that was devoid of vegetation.

In the control, most abundant was Oppiella subpectinata, followed by Eremulus flagellifer.
The former species is considered eurytopic, found in various habitats, but preferring higher
content of organic matter (Weigmann 2006). This is why it was very abundant in the natural,
undisturbed habitat, and in the vineyards was found exclusively in the areas between the vines,
where the content of organic matter was higher than in other microhabitats. Eremulus flagellifer
is a cosmopolitan species that requires a high humidity for development (Pérez-ifiigo 1997).
This may explain why it was found only in the autumn, when precipitation was five-fold higher
than in the spring.

In the vineyards in Italy (Nannelli and Simoni 2002), the most abundant was Tectocepheus
velatus, which is eurytopic and easily colonizes new habitats. In the present study it also
occurred in most plots, but in low numbers. In the vineyards in Japan, Scheloribates latipes was
recorded in high number (Suzuki 1979), but in the present study it occurred in low numbers,
while more common and more abundant was congeneric S. barbatulus. The presence of the
species from genera Scheloribates and Protoribates in the vineyards is interesting, because
they possibly play some role in control of pathogen fungi (Nakamura et al. 1991; Enami and
Nakamura 1996).

A new species for Spain, Podoribates longipes, was found only in the control. It has a
Holarctic distribution and was found in meadows (Migliorini et al. 2003), including salty ones
(Weigmann 2006). Steganacarus boulfekhari was found only at the border of organic vineyard
and has been known exclusively from Algeria, where it was recorded from many localities,
mainly under different pine species (Pinus halepensis Mill., P. pinaster Aiton, P. canariensis
C. Smith, P. radiata D. Don), oaks (Quercus faginea Lam.), eucalyptus (Eucalyptus L’Hér.), in
evergreen bushes with Erica arborea L. and Pistacia L., and in orchards (Niedbata 2008).

In conclusion we can say that the oribatid mites do not benefit from organic cultivation of
vineyards, probably because they are tolerant to the herbicides used in conventional vineyards,
but are sensitive to the mechanical works on soil, which are more numerous in organic vineyards
than in conventional ones. This study also supports the opinion (e.g. Duflot et al. 2015 and
included references) that natural habitats in the agricultural landscape are important zones,
increasing its total species diversity.
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