Miranda-Rangel et al.: Edaphic collembola (collembola) as indicators of the chemical characteristics of soil in a peach orchard
(Prunus persica (L.) batsch) in Michoacan, Mexico
- 2601 -

EDAPHIC COLLEMBOLA (COLLEMBOLA) AS INDICATORS OF
THE CHEMICAL CHARACTERISTICS OF SOIL IN A PEACH
ORCHARD (PRUNUS PERSICA (L.) BATSCH) IN MICHOACAN,
MEXICO

MIRANDA-RANGEL, A.l — CANO-SANTANA, Z.2— CASTANO-MENESES, G.®" —
PALACIOS-VARGAS, J. G.* — CORONA-TEJEDA, P.2

ILaboratory of Soil Micro and Mesofauna, Area de Biologia, Universidad Auténoma Chapingo,
56230 Chapingo, Edo. de México, México

*Department of Ecology and Natural Resources, Facultad de Ciencias, Universidad Nacional
Autonoma de México, Ciudad Universitaria, 04510 México, D.F., México

$Laboratorio de Artrépodos en Ambientes Extremos, Unidad Multidisciplinaria de Docencia e
Investigacion, Facultad de Ciencias, Campus Juriquilla, Universidad Nacional Autonoma de
Meéxico, Boulevard Juriquilla 3001, Jurica 76230, Querétaro, México

*Laboratorio de Ecologia y Sistemdtica de Microartrépodos, Ecologia y Recursos Naturales,
Facultad de Ciencias, Universidad Nacional Autéonoma de México, Ciudad Universitaria,
04510 Mexico, D.F., México

“Corresponding author
e-mail: gabycast99@hotmail.com

(Received 16" Dec 2023; accepted 25" Mar 2024)

Abstract. Edaphic collembola are abundant in agricultural soils and can be used as bioindicators of the
condition of the soils they inhabit. We study the composition, diversity, and phenology of the collembola
community in a peach orchard (Prunus persica (L.) Bach) located in Zitacuaro, Michoacan, Mexico. We
evaluated the effect of physical and chemical characteristics of the orchard’s soil on the edaphic collembola
community. Collembola were extracted by Berlese funnels from samples of leaf litter and soil obtained
monthly, from September 1993 to August 1994. Fallen leaves were not removed from the ground for the
duration of the study. Sixty-nine species were registered: 58 in leaf litter and 53 in soil. Collembola density
varied from 248 to 15,889 ind m2 in leaf litter and 419 to 7,286 ind m2 in soil. The layer of fallen leaves
exhibited the highest density, species richness and diversity of collembola. The edaphic variables that
altered collembola density were organic matter content, cationic exchange capacity (CEC) and carbon-to-
nitrogen ratio. Richness was affected by organic matter and total nitrogen. Diversity was affected by pH,
total nitrogen, calcium, and carbon-to-nitrogen ratio. The density of dominant species was negatively
affected by phosphorus and calcium content, as well as CEC.
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Introduction

In agrosystems, the study of euedaphic, hemiedaphic and epiedaphic collembola is
relevant due to its high abundance and numerous functional roles within the supporting,
regulating, and maintaining ecosystem services. Thus, these arthropods can represent up
to 75% of the total abundance of edaphic fauna (Scheunemann et al., 2015). Their activity
contributes to soil respiration and aggregation, dissolved organic carbon leaching, organic
matter decomposition and nitrogen mineralization (Siddiky et al., 2012; Coleman et al.,
2018). Collembola are also part of trophic chains as the prey of other arthropods (Potapov
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et al., 2020), and by feeding principally on fungi and decomposing plant material
(Castafio-Meneses et al., 2004; Palacios-Vargas, 2014).

Some species can promote plant growth and exert a positive influence on agricultural
production as a biological control against plant-pathogens (Shiraishi et al., 2003; Friberg
etal., 2005; Meyer-Wolfarth et al., 2015); they also benefit the association between plants
and mycorrhizae (Gange, 2000; Innocenti and Sabatini, 2018) and stimulate increased
root biomass (Ngosong et al., 2014).

Collembola play an important part in edaphic trophic chains. Although their low
biomass limits their decomposition of materials that fall to the ground, collembola are
particularly important in agricultural soils because they mobilize a great amount of
nutrients (Filser, 2002; Coulibaly et al., 2017). They also affect the biomass and activity
of soil microorganisms through selective consumption and are thus able to change the
structure of fungi and bacteria communities in soil (Anslan et al., 2016; Coulibaly et al.,
2019).

These hexapods are affected by biotic and abiotic factors. Soil temperature and water
content are known to affect their activity, fecundity, and mortality (Sengupta et al., 2017;
Xie et al., 2023). Likewise, populations of edaphic collembola are known to be limited
by food availability (Salamon et al., 2004; Ngosong et al., 2009), though other authors,
such as Kustec (2018), call this into question. Since the density (Brennan et al., 2006) and
diversity of edaphic collembola (Scheu and Schaefer, 1998; Joergensen and Scheu, 1999;
Cutz-Pool et al., 2007) increase when food resources and water enter the soil, leaf litter,
fertilizers and irrigation are expected to increase their diversity.

Soil pH and water content affect collembola abundance because they favor the
development of the microbiota on which these arthropods feed. Collembola feed on both
the organic matter entering the soil and the microorganisms that colonize such matter
(Muturi et al., 2009). Also, their abundance is scarcely affected by herbicides applied
(Mohamed et al., 2017).

In agroecosystems, different types of management are commonly implemented to
improve the conditions and/or quality of the species of commercial interest. However,
collembola communities are particularly sensitive to these types of management because
such handling usually modifies food availability and the physicochemical conditions of
the habitat (Salamon et al., 2004; Ngosong et al., 2009); for example, humus and/or
seedlings growing near plants of commercial interest are usually removed, whereas
fertilizers and different types of irrigation are often utilized. Research has reported that
communities of edaphic collembola are affected by the type of humus, the time it has lain
on the ground (Fuji and Takeda, 2012) and its functional characteristics (Raymond-
Léonard et al., 2018). When humus is not removed, the oxidative environment is reduced
and soil quality is enhanced (Tabaglio et al., 2009).

Studies report that the use of fertilizers in agroecosystems increases the abundance of
certain species of collembola (Schiitz et al., 2008; Wang et al., 2015). Moreover, it has
been found that microarthropod abundance is positively related with the carbon and
nitrogen content in soil and negatively related with pH (Wang et al., 2015). Prior studies
conducted in several ecosystems have found that reduced rainfall decreases soil humidity
and increases its temperature, which has a negative effect on the abundance, diversity,
and biomass of edaphic collembola (Tsiafouli et al., 2005; Kardol et al., 2011; Xu et al.,
2012; Santonja et al., 2017). However, such effects are not found in certain types of soil
(e.g., Xuetal., 2012).
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Although increasingly more studies are conducted on collembola communities in
agroecosystems, at present few works simultaneously analyze their euedaphic and
epiedaphic communities in such systems. However, these works have found that the
compositions of euedaphic and epiedaphic collembola communities differ from each
other and that the abundance and biomass of the latter tend to be greater (Fuji and Takeda,
2012).

Much has been learned on the behavior of edaphic collembola communities in different
crops, such as corn and wheat (Mendoza et al., 1999; Muturi et al., 2009; Greenslade et
al., 2010; Gimenes et al., 2020; Chassain et al., 2023). Studies have been performed on a
variety of crops, such as apple orchards grown traditionally and organically (Doles et al.,
2001), papaya orchards managed traditionally and integrally (Culik et al., 2006), alfalfa
crops fertilized with biosolids (Flores-Pardavé et al., 2011), fields in which only potatoes
have been sown over the past 90 years and different soil fertilizers have been used
(Twardowski et al., 2016), olive orchards managed organically, integrally and
conventionally (Ruano et al., 2004; Gkisakis et al., 2015), mango orchards with minimal
and technified management (Cabrera-Mireles et al., 2019), as well as vineyards, almond
and olive orchards, alfalfa crops, and pastures (Sisterson et al., 2020).

The objectives of this research were (i) to discover the density, composition, diversity
and phenology of the community of euedaphic, hemiedaphic and epiedaphic collembola
in a peach orchard (Prunus persica) in Zitacuaro, Michoacan (Mexico) subjected to
management with a particular use of fertilizers and irrigation, and (ii) to evaluate the
influence of the physical and chemical characteristics of the edaphic collembola
community.

Materials and methods
Study area

The study was conducted in a peach orchard located in Polvorin Valley (Figure 1),
3 km to the east of Zitacuaro, Michoacan, Mexico (19°26° N, 100° 20" W, 1950 m a.s.l.).
The 1.4-hectare orchard in Polvorin is slanted less than 10% and has an irrigation channel
at its northern end. The fully productive orchard trees were 6 years old and equally
distanced from each other at 4-meter intervals. The soil was a humic andosol (Soil Survey
Staff, 1999).
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Figure 1. Localitation of the study area in Zitdcuaro, Michoacdn, Mexico
The land in the study area was originally a pine forest that had been cleared out
approximately 76 years ago. It was an open pasture for the first 30 years and has been
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used to grow peaches for the past 46 years. The climate is temperate subhumid with
summer rainfall [noted as C(w2)(w)b(i")g, according to the Koppen classification,
amended by Garcia (2004)], with a mean monthly temperature of 19.2 °C (Figure 2).
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Figure 2. Accumulated precipitation (mm) and mean temperature (°C) per month during the
study, provided by the meteorological station at Zitacuaro, Michoacan, Mexico

During this study, the orchard was watered, and a number of fertilizers were applied:
ammonium sulfate, calcium and ash in November, January and February; urea,
ammonium nitrate, potassium, superphosphate and ammonium sulfate in March; amounts
of urea in June; and poultry manure in May. The orchard was watered in January,
February, and March. Before the study began, the orchard had typically been weeded and
the leaves that fell under the trees had been removed. For the duration of this study, the
soil was kept uncovered except for the leaves and small branches that fell from the peach
trees.

Data collection

In the orchard, 100 trees were chosen as a square measuring 10 x 10 trees (ca.
1,500 m?). One sample of leaf litter and one sample of soil were collected each month
from beneath 17-19 randomly selected trees, from September 1993 through August 1994
(except February 1994). Samples were collected 30 cm away from the trunk, under the
canopy of each tree. If a sample was collected twice under the same tree (during the same
month), the second was collected opposite from the first sample (180°). Leaf litter was
collected in 8 x 8 cm (64 cm?) squares reaching the depth of the mineral soil; this layer
was never more than 1 cm deep. A sample of soil was then collected in a circular area
measuring 8 cm in diameter (50.3 cm?) and 10 cm in depth.

Samples were processed in a laboratory on the same day they were collected. The
Berlese-Tullgren method was then applied for 14 days: the first 7 days with no heat source
and the last 7 days with a heat source (a 40-watt light bulb; 45°C). Collected specimens
were separated, quantified, and mounted in Hoyer’s solution for later identification.
Mounted specimens were identified to the species using the keys proposed by Richards
(1968), Christiansen and Bellinger (1994) and Bellinger et al. (2016-2023).
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Community structure

A two-way analysis of variance was performed to study how month and edaphic layer
affect collembola density. The discrete data were transformed as V(x + 0.5) because they
were normalized. The analyses were run in STATISTICA ver. 8 software (StatSoft,
2007).

The diversity in the collembola community was calculated using the Shannon diversity
index (H’) with a natural logarithm (Magurran, 2004). Layer diversity was compared
using the t test to compare the Shannon diversity indexes.

In order to analyze overall changes in the diversity values corresponding to each month
and layer (soil-leaf litter), true diversity was estimated between 0 and 1 (Jost, 2006),
corresponding to species richness and the Shannon index exponential, respectively. Also,
the expected maximum richness and diversity for each month and layer were calculated
using the ACE non-parametric estimator (Chao and Lee, 1992; Chao and Shen, 2003).
Calculations were made using SPADE software (Chao and Shen, 2010).

Furthermore, the Segrensen similarity index was calculated for collembola
communities in both layers for each of the eleven sampled months.

A canonical correspondence analysis was made of the abundances of each Collembola
species in the soil and of their evaluated parameters from nine collection dates. The
highest number of soil variables was analyzed between November 1993 and August 1994.
We used XLSTAT-Premium ver. 20.3.1 software (Addinsoft, 2020) for this purpose.

Predictors of collembola abundance, richness, and diversity

Multiple regressions were performed using the “backward” method between specific
richness (S) and diversity (H°) in the collembola community, and between the abundance
of dominant species Hemisotoma thermophila (Axelson, 1900) and the edaphic variables,
applying average monthly values (Draper and Smith, 1966; Zar, 1984).

The abundance values were corrected to V(x + 0.5) for this purpose, since they were
discrete. Edaphic variables, such as organic matter, total nitrogen, and carbon, were
expressed in percentages and transformed as: arc sine \(x/100) (Sokal and Rohlf, 2012).

Soil analysis

Collembola were extracted from 5-10 randomly selected soil samples (10 samples
from September to October 1993 and five from November 1993 to August 1994). The
samples were then dried and sieved using a 2-mm screen, and the following edaphic
analyses were conducted: pH in water using a potentiometer Corning 340 model 7 and a
soil-to-water ratio of 1:2; organic matter percentage by the Walkley and Black method;
phosphorus by the Bray-1 method; potassium, extracted in ammonium acetate 1N at pH
7 (1:5 ratio), by flame emission spectroscopy Corning (Corning Incorporated, New York,
USA); magnesium and calcium in the same solution by extraction in ammonium acetate
1 N at pH 7.0 (1:5 ratio) and EDTA volumetry; nitrogen by the Kjeldahl method; and
cationic exchange capacity (CEC) in ammonium acetate 1 N at pH 7.0 by centrifugation
(Chapman and Pratt, 1961; Hesse, 1971; Jackson, 1976; Page, 1982; Hanlon, 2000).

Potassium and magnesium were only evaluated in the samples taken in September and
October, whereas CEC and C/N ratio were evaluated starting in November. Linear
corrections were made between the evaluated edaphic variables (Zar, 1984).
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Temperature and precipitation

Temperature and precipitation data from the study period were obtained from the
meteorological station at Zitdcuaro, Michoacén, provided by Mexico’s National
Meteorological Service (Servicio Meteorologico Nacional de México).

Results
Collembola community

We collected 10,214 specimens from 69 species, of which 7,985 belonged to 58
species living in leaf litter and 2,229 to 53 species found in soil (Table 1). Forty-one
species were found in both layers, whereas 12 were exclusively found in soil and 17 in
leaf litter. The Serensen similarity index between layers was 0.759 (Figure 3). Pooling
the entire year’s data, the Shannon diversity index (H") of soil was 2.88, which was
significantly higher than that of leaf litter (2.33; t test: t = 20.31, df = 4689, P< 0.001).
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Figure 3. Monthly variation in the Sorensen similarity index for the springtail community in
leaf litter and soil

The species with the highest relative abundance in leaf litter were: Hemisotoma
thermophila (Axelson, 1900) (37.6%), Ceratophysella denticulata (Bagnall, 1941)
(17.6%), Desoria ca. flora (6.1%), Mesaphorura macrochaeta Rusek (1976) (5.3%) and
Seira ca. purpurea (4.5%), i.e., 71.1% of the collembola found (Table 1). On the other
hand, the dominant species in the soil were: Hemisotoma thermophila (16.5%), Desoria
ca. flora (12.8%), Sphaeridia serrata Folsom & Mill. (1938) (11.8%), Lepidocyrtus ca.
cinereus (8.0%) and Ceratophysella denticulata (7.8%), which comprised 56.9% of the
collembola in this layer (Table 1). The dominant species in the entire edaphic habitat
were: Hemisotoma thermophila (33.1%), Ceratophysella denticulata (15.5%), Desoria
ca. flora (7.6%) and Mesaphorura macrochaeta (4.7%).
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Table 1. Relative and absolute abundance of the edaphic collembolan species in litter (L), soil
(S), and both strata (L + S) in a peach orchard in Zitacuaro, Michoacan, Mexico

Species Absolute abundance Relatlve((;)a/ls)undance
L S L+S L S L+S
Brachystomella stachi Mills, 1934 11 13 24 0.14 058 024
Brachystomella parvula (Schéffer, 1896) 330 105 435 413 471 427
Ceratophysella denticulata (Bagnall, 1941) 1403 173 1576 | 1757 7.76 15.46
Ceratophysella armata (Nicolet, 1842) 15 23 38 0.19 1.03 0.37
Ceratophysella succinea (Gisin, 1949)* 7 0 7 0.09 0 0.07
Desoria ca. flora 485 286 771 6.07 12.83 7.56
Desoria ca. marissa 19 76 95 024 341 093
Parisotoma ca. notabilis 24 55 79 0.3 247  0.77
Desoria ca. trispinata 33 35 68 041 157 0.67
Desoria sp. 8 17 25 0.1 0.76  0.25
Dicyrtoma auratai (Mills, 1934) 0 2 2 0 0.09 0.02
Dicyrtoma mithrai Wray, 1949 0 2 2 0 0.09 0.02
Dicyrtomina rossit Wray, 1952 3 0 3 0.04 0 0.03
Calvatomina quadrangularisi (Mills, 1934) 0 2 2 0 009 002
Entomobrya confusa Christiansen, 1958 206 43 249 258 193 244
Entomobrya willosiaft 5 0 5 0.06 0 0.05
Entomobrya ca. triangularis (Schott) 15 7 22 0.19 031 0.22
Entomobrya ca. bicolor{ Guthrie, 1903 1 0 1 0.01 0 0.01
Entomobrya ca. comparata Folsom, 1919 36 13 49 045 058 0.48
Entomobrya ca. sinelloidest Christiansen, 1958 2 0 2 0.03 0 0.02
Folsomides parvulus Stach, 1922 124 27 151 155 121 1.48
Folsomides ocultus¥ 5 0 5 0.06 0 0.05
Hemisotoma thermophila (Axelson, 1900) 3004 369 3373 | 37.62 16.55 33.08
Isotomurus palustris (Muller,1776) 83 61 144 1.04 274 141
Isotomurus tricolort (Packard, 1873) 4 0 4 0.05 0 0.04
Lepidocyrtus ca. cinereus 207 179 386 259 803 3.79
Lepidocyrtus ca. pallidus 283 74 357 354 3.32 3.5
Lepidocyrtus floridensis Snider, 1967 40 9 49 0.5 0.4 0.48
Lepidocyrtus cyaneust Tullberg, 1871 39 0 39 0.49 0 0.38
Lepidocyrtus ca. lanuginosus 20 7 27 025 031 0.26
Lepidocyrtus floridanus+t 18 0 18 0.23 0 0.18
Lepidocyrtus finusy
Christiansen and Bellinger, 1980 0 1 1 0 0.04 001
Lepidocyrtus cyaneus Tullberg, 1871 3 9 12 0.04 0.4 0.12
Mesaphorura macrochaeta Rusek, 1976 422 57 479 528 256 4.7
Mesaphorura ca. clavata 41 12 53 051 054 052
Mesaphorura ca. granulata 13 27 40 0.16 1.21 0.39
Mesaphorura ca. yosiiif 22 0 22 0.28 0 0.22
Mesaphorura ca. latenst 11 3 14 0.14 013 0.14
Mesaphorura krausbauerii Borner, 1901 0 4 4 0 0.18 0.04
Mesaphorura silvicolai (Folsom, 1932) 0 3 3 0 0.13  0.03
Mesaphorura rusekif Eggl(;stlansen and Bellinger, 5 0 5 0.03 0 0.02
Amaritulla hadesy (Christiansen & Bellinger, 1980) 0 1 1 0 0.04 0.01
Polykatiana intermediat Snider, 1978 2 0 2 0.03 0 0.02
Polykatianna polygoniat Snider, 1978 1 0 1 0.01 0 0.01
Proisotoma bulbat Christiansen & Bellinger, 1981 27 0 27 0.34 0 0.26
Thalassaphorura encarpata (Denis, 1931) 267 101 368 461 453 361

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(3):2601-2625.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2203_26012625
© 2024, ALOKI Kft., Budapest, Hungary



Miranda-Rangel et al.: Edaphic collembola (collembola) as indicators of the chemical characteristics of soil in a peach orchard
(Prunus persica (L.) batsch) in Michoacan, Mexico
- 2608 -

Species Absolute abundance Relatlve(gl/t; )undance

L S L+S L S L+S

Protaphorura parvicornis (Mills, HB, 1934) 11 8 19 0.14 036 0.19
Protaphorura churchiliana (Hammer, 1953) 0 5 5 0 0.22 0.05
Pseudosinella octopunctatat Borner, 1901 4 0 4 0.05 0 0.04
Pseudosinella ca. vitat 2 0 2 0.03 0 0.02
Ptenothrix quadrangularist (H.B. Mills, 1934) 8 0 8 0.1 0 0.08
Schoettella distinctaj (Denis, 1931) Bonet, 1931 0 6 6 0 0.27 0.06
Seira dubia Christiansen & Bellinger, 1980 33 2 35 041 0.09 034
Seira ca.purpurea 358 9 367 4.48 0.4 3.60

Seira ca. bipunctata 33 20 53 0.41 0.9 0.52

Sinella ca. vita 3 5 8 0.04 022 0.08

Sminthurides sp. 2 0 2 2 0 0.09 0.02
Sminthurides sp. 1 0 2 2 0 0.09 0.02
Sminthurides ca. occultusi 0 2 2 0 0.09 0.02
Sminthurinus ca. elegans 106 48 154 133 215 151
Sminthurinus latimaculosus Maynard, 1951 8 8 16 0.1 036 0.16
Sminthurus butcherit Snider, 1969 2 0 2 0.03 0 0.02
Sminthurus fitchif Folsom, 1896 0 1 1 0 0.04 0.01
Sminthurus ca. incisus 11 19 30 0.14 085 0.29
Sminthurus ca. Sylvestris 0 30 30 0 135 0.29
Sminthurus ca. eleganst 15 0 15 0.19 0 0.15
Sphaeridia serrata Folsom et Mills, 1938 61 264 325 0.76 1184 3.19
Sphaeridia pumilis (Krausbauer, 1898) 27 2 29 0.34 0.09 0.28
Willowsia cf. Buski 5 0 5 0.06 0 0.05

Total 7985 2229 10214 | 100 100 100

tExclusive species in litter; fExclusive species in soil. The dominant species (relative abundance > 5%
at least one stratum) are highlighted with boldfaced print

Seasonal variation pattern

Temperature and precipitation. The average temperature registered during the study
period was 19.2°C (sd = 1.1°C). Minimum monthly average temperature was recorded in
December (17.3 °C), while maximum monthly average temperature was 21.6 °C,
recorded in May (Figure 2).

An accumulated precipitation of 516 mm was registered during this period, most of
which took place in two months: September 1993 (183.7 mm) and June 1994 (225 mm).
Dry conditions prevailed during the remaining months.

Similarity. The Serensen similarity indexes between collembola communities in leaf
litter and in soil varied throughout the year between 0.44 and 0.69 (Figure 3). The highest
similarity values were associated to the months in which the orchard was watered or had
rainfall.

Density. Collembola density in leaf litter varied from 248 ind m* in December to
15,889 ind m2in September, and collembola in soil varied from 418 ind m in May and
July to 7,286 ind m in September (Figure 4). According with the ANOVA test (Table 2)
Collembola density varied significantly according to the collection month
(Fio38= 11.371, P<0.0001), layer (Fi13ss= 54.044, P< 0.0001) and month x layer
interaction (F10,386= 2.537, P= 0.006). Collembola density was 2.8 times higher in the
fallen leaves (6,084 ind m) than in the soil (2,149 ind m).
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Figure 4. Variation in springtail density (No./m? = e.e.) in leaf litter (diamonds) and soil
(triangles) in a peach orchard in Zitacuaro, Michoacdn, Mexico (N = 17-19). Months with

significant differences between layers with P < 0.05 (Tukey’s test) are indicated with asterisks

Table 2. Effect of collection month, layer, and interaction between both parameters on density
of Collembola in a peach orchard of Zitacuaro, Michoacdn, Mexico

Source d.f. source d.f. error F P
Collection month 10 386 11.371 0.0001
Layer 1 386 54.044 0.0001
Collect!on moqth x layer 10 386 2537 0.006
interaction

The monthly pattern of variation in density data for soil and leaf litter was as follows:
September (11,457 ind m?) > January, June, March, August and April (3,234-
6,337 ind m?) > May and December (709-1,274 ind m?) (Tukey’s test: P<0.05;
Figure 5). Irregular variation was recorded in the changing density values throughout the
year, most of which are related to land irrigation or the frequency of rainfall (Figures 4

and 5).
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Figure 5. Monthly variation in the density of edaphic springtail (No./m? + e.e.) in a peach
orchard in Zitacuaro, Michoacadn, Mexico. Pooled data from soil and leaf litter (N = 34-38).
Different letters denote significant differences between months with P < 0.05 (Tukey’s test)
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Species richness. The highest values of specific richness were recorded for leaf litter,
except in the months of September and December (Figure 6). The accumulated data from
both layers show a trend similar to the dynamics in the layer of dead leaves (Figure 6).
Leaf litter presented five units more than soil (Figure 7). Sample coverage was between
81.4 and 100% for true richness. Estimated true richness in leaf litter was 48.4 (99%
sample coverage), 3.6 units higher than the estimated true richness in soil (95.9% sample
coverage).
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Figure 6. Monthly variation in Collembola species richness in leaf litter (diamonds) and soil
(triangles), and in both layers (squares) in a peach orchard in Zitacuaro, Michoacan, Mexico.
Accumulated data from both layers are shown in squares
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Figure 7. True richness in leaf litter and soil estimated and observed values

Diversity. The H" values in leaf litter progressively increased from September (1.99)
to November (2.67). They then dropped, to rise again in January (2.65). A downward
trend was subsequently observed for the rest of the study period. The H" value in soil
peaked in September (2.76) and then progressively fell the rest of the study period, except
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for an increase in January (2.52) (Figure 8). These values were significantly higher in the
soil collected in September (2.76), December (2.38) and June (1.26) than in leaf litter
(1.99, 1.65 and 0.54 respectively; t tests: P < 0.05). Conversely, this parameter was
significantly higher in leaf litter during November (2.54 vs. 1.65 in soil, t test: P < 0.05).
Soil was 59% more diverse than leaf litter. Sample coverage of the observed diversity
went from 84.7% to 99.8% (Figure 9). Estimated true diversity was 17.59 (98.7%) in soil

and 10.31 (99.9%) in leaf litter.
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Figure 8. Monthly variation in the Shannon

diversity index for springtails in leaf litter

(diamonds) and soil (triangles) in a peach orchard in Zitacuaro, Michoacan, Mexico. Months
with significant differences between layers with P < 0.05 (t test) are indicated with asterisks
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Figure 9. True diversity in leaf litter and soil, observed and estimated values

As for the effective number of species,

10.30 were observed and 10.31 (99.9%)

estimated in total leaf litter, whereas 17.37 were observed and 17.59 (98.7%) estimated
in total soil. This indicates that collembola diversity was higher in soil than in leaf litter

(Figure 9).
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Soil characteristics and monthly variation

We found 222 + SE 28 ppm (range: 36-474 ppm) of magnesium and 520 + 24 ppm
(range: 301-704 ppm) of potassium in the soil of the peach orchard (n = 20). According
with the ANOVA (Table 3), the sampling month had a significant effect on organic matter
content, total nitrogen, calcium, and carbon-to-nitrogen ratio (P<0.01). Soil pH tended to
be acid (3.8-6.5). The monthly differences between the remaining edaphic parameters are
shown in Table 4.

Table 3. Mean values (% e.e., range) and results of the ANOVA to determine the effect of the
date on the edaphic parameters of a peach orchard of Zitacuaro, Michoacdn, Mexico between

September 1993, and August 1994

Parameter Mean =+ ee Range N d.f. F P

pH 5.18 £0.06 3.80-6.50 65 10,54 1.721 0.100
OM (%) 7.26£0.10 4.71-9.57 65 10,54 3.270 0.002
Niotar (%) 0.31+0.01 0.22-0.42 65 10,54 12.110 <0.001

P (ppm) 153+1.4 4.0-72.0 65 10,54 1.30 0.25
Ca (ppm) 760 + 87 138-3367 65 10,54 15.374 <0.001

CEC 24.14 + 1.03 6.91-32.79 45 8,36 0.960 0.47
CIN 14.70 = 0.28 11.23-20.29 45 8,36 2.735 0.018

OM, organic matter content; N, Nitrogen total content; P, Phosphorum content, Ca, Calcium content;
CEC, cationic exchange capacity; C/N, carbon/nitrogen ratio. Significant values of P are highlighted with

boldfaced print

Table 4. Monthly variation (1993-1994, mean * e.e.) of edaphic traits in a peach orchard of
Zitacuaro, Michoacan, Mexico; n = 5 (except Sep. and Oct., when n = 10)

oM Ntotal Ca

Month (%) (%) (ppm) C/N
Sep 7.6 +£0.22 0.36 + 0.012 1998 + 2182 ND
Oct 7.0£0.1% 0.36 + 0.012 1182 + 168 ND
Nov 7.8 +0.52 0.32+0.01%® 501 + 112°¢ 13.94 + (.328
Dec 7.8 +0.32 0.29 + 0.02°¢ 462 + 86" 15.56 + 0.852
Jan 6.0+0.2P 0.29 £0.01b° 412 £ 40° 11.92 +0.33P
Mar 7.2 40.3% 0.29 +0.01°¢ 540 + 1265 14.44 + 0,232
Apr 7.1+0.28 0.26+0.01¢ 294 + 49¢ 15.68 + 0.512
May 6.9+0.1% 0.26+0.01¢ 261 + 40° 15.45 + 0.902
Jun 8.0 +0.22 0.30£0.01b° 391 + 54°¢ 15.60 + 0.662
Jul 7.4+£02% 0.27 £0.01b° 404 £ 67° 14.66 + 0.47%
Aug 7.0+ 0.7% 0.27 +0.01°¢ 262 + 37¢ 15.26 + 1.64%

Means with different letters were significantly different (P < 0.05; Tukey tests). OM, organic matter;
Niwotar, Nitrogen total content; Ca, Calcium content; ND, no data available. The significant highest values
are highlighted with boldfaced print

Significant positive correlations were registered in organic matter between total
nitrogen (Nwta) and C/N ratio, as well as between calcium content and total nitrogen,
phosphorous and pH. Only one significant negative correlation was registered between
C/N ratio and total nitrogen (Table 5).
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Table 5. Correlation indices between edaphic variables of a peach orchard (Prunus persica)
of Zitacuaro, Michoacan, Mexico, d.f. = 63 (except for CEC and C/N, where d.f. = 43)

oM Nrotal P Ca CEC CIN
pH 0.143 0.054 -0.189 0.426*** 0.148 0.135
oM 0.350** 0.121 0.189 -0.051 0.637***
Nrotal 0.189 0.703*** 0.063 -0.382**
P 0.275* -0.029 -0.075
Ca -0.030 -0.077
CEC -0.126

OM, organic matter; CEC, cationic exchange capacity; C/N, carbon:nitrogen ratio. Significant values are
highlighted with boldfaced print. *P < 0.05, **P < 0.01, ***P < 0.001

Collembola and soil features

According to the following equation, organic matter content (OM), cationic exchange
capacity (CEC) and nitrogen-to-carbon ratio (C/N) significantly affected collembola
density (Dc) in the soil, the first one positively and the last two negatively:

Dc=3.53 + (6.76) OM — (0.042) CEC — (0.18) C/N

(r>=0.152, F344 = 5.27, P = 0.002)

The richness of the edaphic collembola community (Sc) was significantly affected by
organic matter content (OM) and total nitrogen in the soil (N). Both affected it directly,
as shown by the equation 1:

Sc = -41.09 + 20220.61 (OM) + 5669.82 (N total) Eq)
(r? = 0.426, Fa.44 = 3.34; P = 0.005) a-

The diversity index of the edaphic collembola community (H'c) was significantly
affected by pH (pH), total nitrogen content (N), calcium content (Ca) and carbon-to-
nitrogen ratio (C/N); the first one negatively and the other edaphic variables positively,
according to equation 2:

H'c =-12.5885 - 0,61 (pH) + 784.13 (N) + 0.0012 (Ca) + 121 (CN) g
(r? = 0.488, Faas = 4.28, P = 0.001) a-

The density of Hemisotoma thermophila (Dnt) was significantly and negatively
influenced by phosphorus (P) and calcium (Ca) content, as well as by cationic exchange
capacity (CEC), as illustrated by equation 3:

Dwt = 41.51 - (0.072) P — 0.003 (Ca) — 0.05 (CEC) (E0.3)
(r2=0.73, Fa.16= 3.25, P = 0.08) a-

Canonical correspondence analysis

The CCA analysis showed that, in conjunction, canonical axes 1 and 2 explained
54.2% of the variance in composition, with nitrogen best explaining axis 1 (r = 0.59)
together with OM (r = 0.31), and calcium (r = 0.90) best correlated to axis 2. The Monte-
Carlo significance test showed p = 0.02 with 500 permutations. The species most closely
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related to axis 1 were Desoria ca. flora, Sphaeridia serratus, Lepidocyrtus ca. floridensis
and Mesaphorura krausbaueri, whereas those closest to axis 2 were Lepidocyrtus cf.
cinereus and Mesaphorura macrochaeta (Figure 10).
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Figure 10. Relationship between soil variables and the diversity of the springtail community in
soil. Circles indicate the edaphic variables. Axes 1 and 2 explain 54.2% of variance; see text

Discussion
The role played by irrigation and rainfall

In both layers, seasonal variations in the density (Figure 4), richness (Figure 6) and,
to a lesser degree, diversity (Figure 7) of the collembola community were irregular during
the study period. This could be explained by the intense rainfall that occurred in
September 1993 and June 1994, as well as the first irrigation that took place well into the
dry season, in January 1994. These events had an explosive effect on the abundance and
richness of the edaphic collembola community. Also, the rain in September and irrigation
in January explain the high diversity registered in these months. Different authors, such
as Anslan et al. (2018), Badejo et al. (1998), Doles et al. (2001) and Muturi et al. (2009),
have recorded a positive correlation between humidity content and the abundance of
collembola in soil.

Rain also favors certain species, helping them exploit their medium. Thus, we found
that in September, C. denticulata provided 27.9% of similarity, Desoria ca. flora 17.6%
and M. macrochaeta 10.4%. In January, Seira dubia provided 16.1%, whereas
C. denticulata and H. thermophilla accounted for 12.1%, respectively. In April,
H. thermophila contributed 53.4% of similarity, C. denticulata 10.2% and M.
macrochaeta 6%. In June, H. thermophilla provided 88.4% (Figure 3). It would seem
that water favors species that are able to inhabit a layer other than the one where they
usually grow; we believe this should be studied further.
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Despite the above, the effect of irrigation and rain was not always positive. Although
the intense rainfall in June favored the abundance of collembola in leaf litter (Figure 4),
it had an adverse effect on their diversity in both layers (Figure 7). This was due to the
dominance of H. thermophilla, since the highest number of individuals of this species
was registered in June, both in leaf litter and in soil. More studies are needed to know
more on the biology of this species.

Water in soil creates conditions that favor the end of the quiescent period (Hopkin,
1997) and the rupture of the chorion (Vegter, 1987). Collembola are known to heavily
depend on levels of soil humidity for survival and reproduction, either directly or
indirectly, as their amount of food may increase by way of plant, animal, or fungi tissue
(Lindberg et al., 2002; Palacios-Vargas et al., 2007a; Seeger and Filser, 2008). Several
epiedaphic collembola feed on algae and protozoa (Dunger et al., 2002; Ngosong et al.,
2014), which is why water availability is key to the presence of these food resources.
However, soil saturated with water can produce adverse effects when soil micropores
become flooded, causing mortality in microfauna (Hallam et al., 2020). On the other hand,
the dry season is known to be a factor that causes some populations of collembola to
dwindle and migrate from leaf litter to mineral soil (Miranda and Palacios-Vargas, 1992).

It is even more crucial for collembola to be in a humid habitat when one considers that
most feed on fungi (Ruess et al., 2004; Chahartaghi et al., 2005; Caravaca and Ruess,
2014). Many fungivorous species were recorded in this study, which is why soil humidity
Is so relevant. For example, Hemisotoma thermophila feeds on the conidia of Alternaria
sp. and plant material and fungi mitospores from corn crops (Castafio-Meneses et al.,
2004), whereas Morulina alata Yosii 1954 consumes spores from Cortinarius anomalus
(Fr ex Fr) Fr, Inocybe fastigiata (Schaeff.) Quél. and Mycena pura (Pers.) P. Kumm
(Nakano et al., 2017). This coincides with Kustec (2018), who states that epiedaphic
collembola are principally saprotrophs.

Temperature

Temperature also played a role in the dynamics of the edaphic collembola community
because it is a determining factor for their physiology and affects the time it takes to reach
sexual maturity, the time span of their life cycle, the size of individuals and the number
and duration of instars (Snider and Butcher, 1973). Thus, the temperatures registered
during our study fall within the optimum temperature range indicated by Sengupta et al.
(2017) and Snider and Butcher (1973) for the populations in the collembola community
to reach their highest fecundity.

Carbon and nitrogen release, nitrification and the decomposition rate of edaphic
organic matter are likely to increase during the months with higher temperature (Kustec,
2018). The above may imply a boost to the ascending forces in the orchard soil and leaf
litter. This increase was exploited by collembola, since its population density was higher
in September, March and June, accumulated density was higher in March and June,
richness values were highest in March, April and July, and diversity was greater in
September and August.

Fertilizers and manure

Our results do not show a clear pattern of the effect that fertilizers have on the density,
richness, or diversity of collembola (Figures 5, 6 and 8). However, since an overall
decrease in collembola density was recorded in both layers, it would be interesting to use
controlled experiments to test the possible negative effect of fertilizer no. 1 (ammonium
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sulfate, calcium, and ash). A decrease in richness and diversity was also recorded in leaf
litter the month after this fertilizer was applied, namely in November, January, and
February. The same could be done with poultry manure because the values for density,
richness and diversity fell the month it was applied (May), compared to values from the
previous month (April) (Figures 5, 6 and 8). This pattern of reduced diversity following
the application of manures and fertilizers coincides with the findings of Song et al. (2016)
and Pommeresche et al. (2017).

Our results differ from those of Ngosong et al. (2009), who found that mineral
fertilization with NH4NOs increased the populations of some edaphic collembola, and
from those of King et al. (1980), who detected an increase in the populations of mites and
collembola after applying superphosphate. This contrasting response to fertilizers may be
related to the fact that they affect the microbial biomass in different ways, as found by
Joergensen and Scheu (1999). The results also coincide with those recorded by Machado
etal. (2019), who found that the edaphic collembola community varies when manures are
applied to the soil. Soil eutrophication with nitrogen has been found to lower richness and
diversity in collembola communities because nitrogen can be toxic in soil. This occurs
because it raises soil acidity and may form nitric acid, which affects the microorganisms
that serve collembola as food. Phosphorus has the most significant influence on the
structure of the edaphic collembola community.

The application of manures and fertilizers to soil and leaf litter alters the conditions of
both strata. Such changes trigger pressure that acts on the populations of collembola,
which may induce changes to the structure of their community (Kustec, 2018). Thus, the
ascending forces in soil and leaf litter may increase with greater nutrient availability.
These forces may be exploited by some populations. This was the case with
H. thermophila and C. denticulata, whose abundance increased substantially in March
and April both in leaf litter and soil, and Lepidocyrtus cf. cinereus and Sphaeridia
serratus in soil.

Dominant species

We observed that Hemisotoma thermophila did not appear in either layer when the
first sample was collected but started to appear in October with 11 individuals in leaf litter
and 6 in soil. Then 12 were found in November and 5 in December, both times in the
fallen leaves. Six were found in the soil in December. When the fifth sample was collected
in January, the population size remained large, and it became the dominant species in
both layers and the most abundant in leaf litter. This species was not detected by Lytton-
Hitchins et al. (2015), whose work covered several months in cotton fields that were
watered and had rainfall. Cutz et al. (2007) found a similar condition in a corn and alfalfa
crop that was watered using clean water, but H. thermophila was very abundant at the site
next to it, which was watered with wastewater from Mexico City.

In Mexico, H. thermophila is widely distributed throughout the Trans-Mexican
Volcanic Belt and in the states of Chiapas, Guerrero, Durango, and Jalisco (Palacios-
Vargas, 2000; Palacios-Vargas et al., 2007b; Magafia-Martinez and Palacios-Vargas,
2010). This species is also known to tolerate heavy metals and to be quite abundant in
urban areas that have been polluted with industrial waste (Fiera, 2009). H. thermophila is
highly capable of colonizing different media that contain food, such as leaf litter. On the
other hand, the rises in the population of this species could be attributed to a high
reproduction rate.
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Leaf litter in orchard management

When fallen leaves were not removed from under the orchard trees, resources used by
collembola became highly available. This created new microhabitats in the layer that were
exploited by several populations of collembola that lived there, as has also been recorded
by Scheu and Schaefer (1998). The positive effect of leaving leaf litter on the ground
(under each tree) suggests the existence of a strong ascending force that favors the
collembola populations, as has been recorded by Filser (2002) and Wardle et al. (1999).
However, our results differed from those of Kustec (2018) since he did not observe any
effect of medium enrichment on the edaphic collembola community.

It may be that several species, such as Ceratophysella denticulata, Desoria flora and
Mesaphorura macrochaeta, already lived in the mineral soil and colonized and exploited
the leaf litter when it became an available habitat, as has been observed in other systems
(Badejo et al., 1998; Das and Joy, 2009). It is recommended for orchard management to
consider keeping leaf litter on the ground as a mechanism to improve and fertilize the soil
through the activity of the edaphic fauna living there. This soil management used in the
orchard was similar to that of agrosystems with non-tilled land, since all the fertilizers
were applied on top of the ground. This reduced the oxidative environment and improved
the quality of the soil, as recorded by Tabaglio et al. (2009) in a corn crop.

pH

The pH of the studied soil was acid despite the seasonal variation in the structure of
the collembola community. Soil acidity can cause (a) lowered ability to absorb
phosphorus (Scheu and Setild, 2002), (b) stimulated development of important fungi that
degrade organic matter (Ruess et al., 2004), and (c) diminished development of
macrofauna and increased density in fungivorous collembola (Scheu, 2002).

This study found that increased soil pH led to lower collembola diversity values. This
matches the findings of Machado et al. (2019), who observed that changes in pH affected
edaphic collembola communities. Added materials also caused variations in pH: it rose
with ash (Qin et al., 2017) and fell with NOsNH4. Also, as mentioned above, permanent
soil acidity limits its phosphorus content, which would have repercussions on the
structure of the edaphic collembola community.

Density, species richness and diversity

The collembola density we obtained (leaf litter: 248 to 15,889 ind m?, soil: 167 to
7,286 ind.m) showed maximum values higher than those observed by De la Rosa and
Negrete-Yankelevich (2012) in pasture leaf litter (100 ind m™), secondary forest
(200 ind m) and montane cloud forest (700 ind m); by Cutz-Pool et al. (2010) in
A. religiosa forest (1,362 ind m?); and by Paul et al. (2011) in agroecosystems
(1,289 ind m) and forests (2,558 ind m?). Our findings were similar to those of Cutz-
Pool et al. (2007) in corn crops watered with wastewater (8,479 ind m2) and clean water
(1,989 ind m2). Only Culik et al. (2002) found higher values than ours in agroecosystems
(46,731-103,656 ind m™).

We found that Collembola density was higher in leaf litter than in soil, as had
previously been reported by Culik et al. (2002), Addison et al. (2013) in vineyards,
Hendrix et al. (1986) at non-tilled sites and Badejo et al. (1998) at a series of agroforestry
sites. Leaf litter make a habitat that is easily accessed and that provides highly available
resources to fungivorous species (Kaneda and Kanuko, 2008). This layer is expected to
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contain greater fungi biomass and a slower decomposition rate than mineral soil (Kaneda
and Kanuko, 2008).

The richness found in the orchard (69 species) was greater than what Cutz-Pool et al.
(2010) observed in a forest of A. religiosa (8-11 species) and Cutz-Pool et al. (2007) in a
corn crop with two different irrigation systems (wastewater: 29 species, clean water: 19
species), as well as what was found in a seminatural forest (13) and a plantation of Abies
religiosa (6) (Luque etal., 2011). On the other hand, the Shannon diversity indexes found
in this study (2.33 in leaf litter and 2.88 in soil) were greater than those obtained by De la
Rosa and Negrete-Yankelevich (2012) in mature cloud forest (leaf litter: 2.2, soil: 2.1),
secondary forest (leaf litter: 1.4, soil: 2.4) and mature forest glade (leaf litter: 1.0, soil:
1.4); Cutz-Pool et al. (2010) in A. religiosa forest (leaf litter: 1.28); Culik et al. (2002) in
agroecosystems with organic fertilization (1.28-2.14); and Cutz-Pool et al. (2007) in
cornfields watered with wastewater (2.02) and clean water (1.85). The high richness and
diversity values we recorded could be a result of the exhaustive sampling work that was
performed.

The density, richness, and diversity of the edaphic collembola community are linked
to soil calcium content and pH. We also found that calcium and total nitrogen are highly
correlated. It was difficult to show the causal relationships within the studied system due
to the orchard soil management. Calcium is amply used (Vincent et al., 2018) as a
constituent of the Collembola exoskeleton (Adejuyigbe et al., 2006), yet this element still
leaches when collembola forage on fungi (Ineson et al., 1982). The abundance of several
Collembola species has been observed to be related to calcium, magnesium, and
manganese saturation (Salmon and Ponge, 1999). Moreover, it may be that collembola in
the studied orchard help mobilize nitrogen from leaf litter and regulate nitrogen dynamics
within the layer by consuming fungi (Beare et al., 1992).

The multivariate analysis corroborates the results obtained by means of regressions.
Nitrogen, calcium, and organic matter are fundamental for the preservation of collembola
communities (Figure 10), either because they serve as a direct food source for certain
populations or because they help fungi grow that can become food or pH reducers in a
stressful environment. Such populations can also be used as bioindicators of the
conditions of the medium (Cutz-Pol et al., 2007).

Conclusions

The collembola community in the peach orchard responded to orchard management.
The populations showed that they were regulated by the availability of food and refuge
provided by the leaf litter on the ground (ascending forces). This is observed in the fact
that most specimens were found in this layer. The most important factor that affects
abundance and richness is water availability, either by irrigation or rainfall, although the
density and richness of collembola are favored by organic matter content. We found that
the dominant species in the orchard was Hemisotoma thermophila. Nevertheless,
sampling were taken 30 years ago, our results can important patterns than can be
compared to actually conditions in the same studied area.

Acknowledgments. This research was financed by the Research Office of the Universidad Autonoma
Chapingo. Chapingo, State of Mexico, Mexico. We thank José Aguilar for the facilities he provided as
owner of the study orchard, as well as Ivan Castellanos-Vargas and Veronica Herrera for their technical
support.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(3):2601-2625.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2203_26012625
© 2024, ALOKI Kft., Budapest, Hungary



Miranda-Rangel et al.: Edaphic collembola (collembola) as indicators of the chemical characteristics of soil in a peach orchard
(Prunus persica (L.) batsch) in Michoacan, Mexico
- 2619 -

Author contributions. Andrés Miranda-Rangel: Conceptualization; formal analysis; investigation;
methodology; funding acquisition, visualization; writing original draft. Zendén Cano-Santana:
Methodology, visualization, writing review & editing. Gabriela Castano-Meneses: Formal analysis,
investigation, methodology, visualization, writing review & editing; Jos¢ G. Palacios-Vargas:
Conceptualization, resources, supervision, writing review & editing. Paulina Corona-Tejeda: Investigation.

Conflict of interest. The authors have no conflicts of interest to disclose.

Funding. This study was conducted thanks to the support granted by the Research Office of Universidad
Auténoma Chapingo to project 9300195, titled Edaphic Collembola (Collembola) as Indicators of the
Chemical Characteristics of Soil in a Peach Orchard (Prunus persica (L.) Stokes) in Michoacan, Mexico.

REFERENCES

[1] Addinsoft (2020): XLSTAT Premium version 20.3.1: A complete statistical add-in for
Microsoft Excel. — Addinsoft SRL, Paris, France.

[2] Addison, P., Baauw, A. H., Groenewald, G. A. (2013): An initial investigation of the effects
the mulch layers on soil-dwelling arthropod assemblages in vineyards. — South African
Journal of Enology and Viticulture 34: 266-271. https://doi:10.21548/34-2-1104.

[3] Adejuyigbe, C. O., Tian, G., Adeoye, O. (2006): Microcosmic study of soil microarthropod
and earthworm interaction in litter decomposition and nutrient turnover. — Nutrient Cycling
in Agroecosystems 75: 47-55. https://doi.org/10.1007/s10705-006-9010-5.

[4] Anslan, S., Bahram, M., Tedersoo, L. (2016): Temporal changes in fungal communities
associated with guts and appendages of Collembola as based on culturing and high-
throughput sequencing. — Soil Biology and Biochemistry 96: 152-159.
https://doi.org/10.1016/j.s0ilbi0.2016.02.006.

[5] Anslan, S., Bahram, M., Tedersoo, L. (2018): Seasonal and annual variation in fungal
communities associated with epigeic collembola (Collembola spp.) in boreal forests. — Soil
Biology and Biochemistry 116: 245-252. https://doi.org/10.1016/j.s0ilbio.2017.10.021.

[6] Badejo, M. A., Nathaniel, T. 1., Tian, G. (1998): Abundance of collembola (Collembola)
under four agroforestry tree species with contrasting litter quality. — Biology and Fertility
of Soils 27: 15-20. https://doi.org/10.1007/s003740050393.

[7] Beare, M. H., Parmelee, R. W., Hendrix, P. F., Cheng, W. (1992): Microbial and faunal
interactions and effects on litter nitrogen and decomposition in agroecosystems. — Ecology
Monographs 62: 569-591. https://doi.org/10.2307/2937317.

[8] Bellinger, P. F., Christiansen, K. A., Janssens, F. (2016-2023): Checklist of the Collembola
of the World. — Available from: https://www.collembola.org/key/collembo.htm (accessed
15 February 2017).

[9] Brennan, A., Fortune, T., Bolger, T. (2006): Collembola abundances and assemblage
structures in conventionally tilled and conservation tillage arable system. — Proceedings of
the 11" International Colloquium on Apterygota, Pedobiologia 50: 135-145.

[10] Cabrera-Mireles, H., Murillo-Cuevas, F. D., Villanueva-Jiménez, J. A., Adame-Garcia, J.
(2019): Oribatidos, colémbolos y hormigas como indicadores de perturbacion del suelo en
sistemas de produccion agricola. — Ecosistemas y Recursos Agropecuarios 6: 231-241.
https://doi.org/10.19136/era.a6n17.2011.

[11] Caravaca, F., Ruess, L. (2014): Arbuscular mycorrhizal fungi and their associated
microbial community modulated by Collembola grazers in host plant free substrate. — Soil
Biology Biochemistry 69: 25-33. https://doi.org/10.1016/j.s0ilbi0.2013.10.032.

[12] Castafio-Meneses, G., Palacios-Vargas, J. G., Cutz-Pool, L. Q. (2004): Feeding habits of
Collembola and their ecological niche. — Anales del Instituto de Biologia, serie Zoologia
75: 135-142. Available in: https://www.redalyc.org/pdf/458/45875105.pdf.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(3):2601-2625.
http://www.aloki.hu e ISSN 1589 1623 (Print) ® ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2203_26012625
© 2024, ALOKI Kft., Budapest, Hungary


https://doi:10.21548/34-2-1104
https://doi.org/10.1007/s10705-006-9010-5
https://doi.org/10.1016/j.soilbio.2016.02.006
https://doi.org/10.1016/j.soilbio.2017.10.021
https://doi.org/10.1007/s003740050393
https://doi.org/10.2307/2937317
about:blank
https://doi.org/10.1016/j.soilbio.2013.10.032

Miranda-Rangel et al.: Edaphic collembola (collembola) as indicators of the chemical characteristics of soil in a peach orchard

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(Prunus persica (L.) batsch) in Michoacan, Mexico
- 2620 -

Chahartaghi, M., Langel, R., Scheu, S., Reuss, L. (2005): Feeding guilds in Collembola
based on nitrogen stable isotope ratios. — Soil Biology Biochemistry 37: 1718-1725.
https://doi.org/10.1016/j.s0ilbi0.2005.02.006.

Chao, A., Lee, S. M. (1992): Estimating the number of classes via sample coverage. —
Journal of the American Statistical Association 87: 210-217.
https://doi.org/10.1080/01621459.1992.10475194.

Chao, A., Shen, T. J. (2003): Nonparametric estimation of Shannon’s index of diversity
when there are unseen species in sample. — Environmental and Ecological Statistics 10:
429-433. https://doi.org/10.1023/A:1026096204727.

Chao, A., Shen, T. J. (2010): SPADE (Species Prediction and Diversity Estimation). User
guide and program. — Available at: http://chao.stat.nthu.edu.tw/blog/software-
download/spade/ (accessed on September 2, 2021).

Chapman, H. D., Pratt, P. F. (1961): Methods of analysis for soils, plants, and waters. —
Berkeley, USA: University of California.

Chassain, J., Joimel, S., Gonod, L. V. (2023): Collembola taxonomic and functional
diversity in conventional, organic and conservation cropping systems. — European Journal
of Soil Biology 118: 103530. https://doi.org/10.1016/j.ejsobi.2023.103530.

Christiansen, K., Bellinger, P. (1994): The Collembola of North America. North of The
Rio Grande. — A taxonomic analysis, lowa, USA: Grinnell College.

Coleman, D. C., Callaham Jr., M. A., Crossley Jr., D. A. (2018): Fundaments of Soil
Ecology. — 3" ed. Massachusetts, Cambridge: Academic Press.

Coulibaly, S. F. M., Coudrain, V., Hedde, M., Brunet, N., Mary, B., Recous, S., Chauvat,
M. (2017): Effect of different crop management practices on soil Collembola assemblages:
A 4-year follow-up. — Applied Soil Ecology 119: 354-366.
https://dx.doi.org/10.1016/j.apsoil.2017.06013.

Coulibaly, S. F. M., Winck, B. R., Akpa-Vinceslas, M., Mignot, L., Legras, M., Forey, E.,
Chauvat, M. (2019): Functional assemblages of Collembola determine soil microbial
communities and associated functions. — Frontiers in Environmental Science 7: 52.
https://doi.org/10.3389/fenvs.2019.00052.

Culik, M. P., de Souza, J. L., Ventura, J. A. (2002): Biodiversity of Collembola in tropical
agricultural environments of Espirito Santo, Brazil. — Applied Soil Ecology 21: 49-58.
https://doi.org/10.1016/S0929-1393(02)00048-3.

Culik, M. P., dos Santos Martins, D., Ventura, J. A. (2006): Collembola (Arthropoda:
Hexapoda) communities in the soil of papaya orchards managed with conventional and
integrated production in Espirito Santo, Brasil. — Biota Neotropical 6.

https: //doi.org/10.1590/S1676-06032006000300019.

Cutz-Pool, L. Q., Palacios-Vargas, J. G., Castaio-Meneses, G., Garcia-Calderén, N. E.
(2007): Edaphic Collembola from two agroecosystems with contrasting irrigation type in
Hidalgo State, México. — Applied Soil Ecology 36: 46-52.
https://doi.org/10.1016/j.aps0il.2006.11.009.

Cutz-Pool, L. Q., Castafio-Meneses, G., Palacios-Vargas, J. G., Cano-Santana, Z. (2010):
Distribucion vertical de colémbolos muscicolas en un bosque de Abies religiosa del Estado
de México, México. — Revista Mexicana de Biodiversidad 81: 457-463.
https://doi.org/10.22201/ib.20078706€.2010.002.235.

Das, S., Joy, V. C. (2009): Chemical quality impacts of tropical forest tree leaf litters on
the growth and fecundity of soil Collembola. — European Journal of Soil Biology 45: 448-
454. https://doi.org/10.1016/j.ejsobi.2009.09.001.

De la Rosa, I., Negrete-Yankelevich, S. (2012): Distribucion espacial de la macrofauna
edafica en bosque mesofilo, bosque secundario y pastizal en la reserva La Cortadura,
Coatepec, Veracruz, México. — Revista Mexicana de Biodiversidad 83: 201-215.
https://doi.org/10.22201/ib.20078706e.2012.1.788.

Doles, J. L., Zimmerman, R., Moore, J. C. (2001): Soil microarthropods community
structure and dynamics in organic and conventionally managed apple orchards in Western

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(3):2601-2625.
http://www.aloki.hu e ISSN 1589 1623 (Print) ® ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2203_26012625
© 2024, ALOKI Kft., Budapest, Hungary


https://doi.org/10.1016/j.soilbio.2005.02.006
https://doi.org/10.1080/01621459.1992.10475194
https://doi.org/10.1023/A:1026096204727
http://chao.stat.nthu.edu.tw/blog/software-download/spade/
http://chao.stat.nthu.edu.tw/blog/software-download/spade/
about:blank
https://doi.org/10.3389/fenvs.2019.00052
https://doi.org/10.1016/S0929-1393(02)00048-3
https://doi.org/10.1016/j.apsoil.2006.11.009
https://doi.org/10.22201/ib.20078706e.2010.002.235
https://doi.org/10.1016/j.ejsobi.2009.09.001
https://doi.org/10.22201/ib.20078706e.2012.1.788

Miranda-Rangel et al.: Edaphic collembola (collembola) as indicators of the chemical characteristics of soil in a peach orchard

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

(Prunus persica (L.) batsch) in Michoacan, Mexico
- 2621 -

Colorado, USA. — Applied Soil Ecology 18: 83-96. https://doi.org/10.1016/S0929-
1393(01)00143-3.

Draper, N., Smith, H. (1966): Applied regression analysis. — New York, USA: John Wiley
and Sons.

Dunger, W., Schulz, H-J., Zimdars, B. (2002): Colonization behaviour of Collembola under
different conditions of dispersal. — Proceedings of the 10" International Colloquium on
Apterygota, Ceské Budé&jovice 2000: Apterygota at the beginning of the third millennium,
Pedobiologia 46: 316-327. https://doi.org/10.1078/0031-4056-00139.

Fiera, C. (2009): Biodiversity of Collembola in urban soils and their use as bioindicators
for pollution. — Pesquisa Agropecuaria Brasileira 44: 1-8. https://doi.org/10.1590/S0100-
204X2009000800010.

Filser, J. (2002): The role of Collembola in carbon and nitrogen cycling in soil. —
Pedobiologia 46: 234-245. https://doi.org/10.1078/0031-4056-00130.

Flores-Pardavé, L., Palacios-Vargas, J. G., Castafio-Meneses, G., Cutz-Pool, L. Q. (2011):
Collembola in alfalfa and corn crop soil with added biosolids in Aguascalientes, Mexico.
— Agrociencia 45: 353-362.

Available in https://www.redalyc.org/pdf/302/30219764008.pdf.

Friberg, H., Lagerlof, J., Ramert, B. (2005): Influence of soil fauna on fungal plant
pathogens in agricultural and horticultural systems. — Biocontrol Science and Technology
15: 641-658. https//doi.org/ 10.1080/09583150500086979.

Fujii, S., Takeda, H. (2012): Succession of collembolan communities during decomposition
of leaf and root litter: effects of litter type and position. — Soil Biology and Biochemistry
54: 77-85. https://doi.org/10.1016/j.s0ilbio.2012.04.021.

Gange, A. (2000): Arbuscular mycorrhizal fungi, Collembola and plant growth. — Trends
in Ecology and Evolution 15: 369-372. https://doi.org/10.1016/S0169-5347(00)01940-6.
Garcia, E. (2004): Modificaciones al Sistema de clasificacion climatica de Koppen, 5* ed.
Instituto de Geografia. — Universidad Nacional Autéonoma de México, México.
http://www.publicaciones.igg.unam.mx/index.php/ig/catalog/view/83/82/251-1.

Gimenes, R. G., Natal-da-Luz, T., Renaud, M., Azevedo-Pereira, H. M. V. S., Chichorro,
F., Schmelz, R. M., Saccol de S4, E. L., Sousa, J. P. (2020): Impact of no-tillage versus
conventional maize plantation on soil mesofauna with and without the use of a lambda-
cyhalothrin based insecticide: A terrestrial model ecosystem experiment. — Applied Soil
Ecology 147: 103381. https//:doi.org/10.1016/j.apsoil.2019.103381.

Gkisakis, V., Kollaros, D., Barberi, P., Liveratos, I., Kabourakis, E. (2015): Soil arthropod
diversity in organic, integrated, and conventional olive orchards in Crete, Greece. —
Agroecology and Sustainable Food Systems 39: 276-294.
https://doi.org/10.1080/21683565.2014.967440.

Greenslade, P., Reid, I. A., Packer, 1. J. (2010): Herbicides have negligible effects on ants
and collembola in an Australian wheat field. — Soil Biology and Biochemistry 42: 1172-
1175. https://doi.org/10.1016/jsoilbio.2010.03.009.

Hallam, J., Berdeni, D., Grayson, R., Guest, E. J., Holden, J., Lappage, M. G., Prendergast-
Miller, M., Robinson, D. A., Turner, A., Leake, J. R., Hodson, M. E. (2020): Effect of
earthworms on soil physico-hydraulic and chemical properties, herbage production, and
wheat growth on arable land converted to ley. — Science of the Total Environment 713:
36491. https://doi.org/10.1016/j.scitotenv.2019.136491.

Hanlon, E. (2000): Soil analysis handbook of reference methods. — New York, Soil and
plant Analysis Council, Inc. CRC Press.

Hendrix, P. F., Parmalee, R. W., Crossley Jr., D. A., Coleman, D. C., Odum, E. P,
Groffman, P. M. (1986): Detritus food webs in conventional and No-tillage
agroecosystems. — BioScience 36: 374-380. https://doi.org/10.2307/1310259.

Hesse, P. (1971): A textbook of soil chemical analysis. — New York, USA, Chemical
Publishing Co., Inc.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(3):2601-2625.
http://www.aloki.hu e ISSN 1589 1623 (Print) ® ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2203_26012625
© 2024, ALOKI Kft., Budapest, Hungary


https://doi.org/10.1016/S0929-1393(01)00143-3
https://doi.org/10.1016/S0929-1393(01)00143-3
https://doi.org/10.1078/0031-4056-00139
https://doi.org/10.1590/S0100-204X2009000800010
https://doi.org/10.1590/S0100-204X2009000800010
https://doi.org/10.1078/0031-4056-00130
https://www.redalyc.org/pdf/302/30219764008.pdf
https://doi.org/10.1016/j.soilbio.2012.04.021
https://doi.org/10.1016/S0169-5347(00)01940-6
https://doi.org/10.1080/21683565.2014.967440
https://doi.org/10.1016/jsoilbio.2010.03.009
https://doi.org/10.1016/j.scitotenv.2019.136491
https://doi.org/10.2307/1310259

Miranda-Rangel et al.: Edaphic collembola (collembola) as indicators of the chemical characteristics of soil in a peach orchard

[46]

[47]

[48]

[49]
[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

(Prunus persica (L.) batsch) in Michoacan, Mexico
- 2622 -

Hopkin, S. P. (1997): Biology of the collembola (Insecta: Collembola). — Oxford, Oxford
University Press.

Ineson, P., Leonard, M. A., Anderson, J. M. (1982): Effect of collembolan grazing upon
nitrogen and cation leaching from decomposing leaf litter. — Soil Biology and Biochemistry
14: 601-605. https://doi.org/10.1016/0038-0717(82)90094-3.

Innocenti, G., Sabatini, M. A. (2018): Collembola and plant pathogenic, antagonistic, and
arbuscular mycorrhizal fungi: A review. — Bulletin of Insectology 71: 71-76. Available in:
http://www.bulletinofinsectology.org/pdfarticles/vol71-2018-071-076innocenti.pdf.
Jackson, M. (1976): Chemical analysis of soils. — Barcelona, Spain: Omega.

Joergensen, R. G., Scheu, S. (1999): Response of soil microorganisms to the addition of
carbon, nitrogen and phosphorus in a forest Rendzina. — Soil Biology and. Biochemistry
31: 859-866. https://doi.org/10.1016/S0038-0717(98)00185-0.

Jost, L. (2006): Entropy and diversity. — Oikos 113: 363-375.
https://doi.org/10.1111/j.2006.0030-1299.14714 x.

Kaneda, S., Kanuko, N. (2008): Collembolans feeding on soil affect carbon and nitrogen
mineralization by their influence on microbial and nematode activities. — Biology and
Fertility of Soils 44: 435-442. https://doi.org/10.1007s00374-007-0222-X.

Kardol, P., Reynolds, W. N., Norby, R. J., Classen, A. T. (2011): Climate change effects
on soil microarthropod abundance and community structure. — Applied Soil Ecology 47:
37-44. https://doi.org/10.1016/j.apsoil.2010.11.001.

King, K. L., Hutchinson, K. J. (1980): Effects of superphosphate and stocking intensity on
grassland microarthropods. — Journal of Applied Ecology 17: 581-591.
https://doi.org/10.2307/2402638.

Kustec, J. (2018): Top-down and bottom-up effects on Collembola communities in soil
food webs. — Electronic Thesis and Dissertation Repository. 5906. The University of
Western Ontario, Canada. https://ir.lib.uwo.ca/etd/5906.

Lindberg, N., Engtsson, J. B., Persson, T. (2002): Effects of experimental irrigation and
drought on the composition and diversity of soil fauna in a coniferous stand. — Journal of
Applied Ecology 39: 924-936. https://doi.org/10.1046/j.1365-2664.2002.00769.x.

Luque, C., Legal, L., Winterton, P., Mariano, N. A., Gers, C. (2011): lllustration of the
structure of Arthropod assemblages (Collembola and Lepidoptera) in different forest types:
an example in the French Pyrenees. — Diversity 3: 693-711.
https://doi.org/10.3390/d3040693.

Lytton-Hitchins, J. A., Greenslade, P., Wilson, L. J. (2015): Effects of season and
management of irrigated cotton fields on Collembola (Hexapoda) in New South Wales,
Australia. — Environmental Entomology 44: 1-17. DOI: 10.1093/ee/nvv029.

Machado, J. S., Oliveira Filho, L. C., Pires Santos, J. C., Paulino, A. T., Baretta, D. (2019):
Morphological diversity of collembola (Hexapoda: Collembola) as soil quality
bioindicators in land wuse systems. — Biota Neotropica 19: €20180618.
https://doi.org/10.1590/1676-0611-BN-2018-0618.

Magafia-Martinez, C. S., Palacios-Vargas, J. G. (2010): Colémbolos (Hexapoda) del
Nevado de Colima, Jalisco, México. — Dugesiana 17: 73-80.
https://doi.org/10.32870/dugesiana.v17i1.3944.

Magurran, A. E. (2004): Measuring biological diversity. — Oxford, USA, Blackwell
Publishing.

Mendoza, A. S., Villalobos, F. J., Ruiz Montoya, L., Castro, A. E. (1999): Patrones
ecoldgicos de los colémbolos en el cultivo de maiz en Balun Canan, Chiapas, México. —
Acta Zoologica Mexicana (n.s.) 78: 83-101.
http://www.redalyc.org/articulo.0a?id=57507803.

Meyer-Wolfarth, F., Schrader, S., Oldenburg, E., Weinert, J., Brunotte, J. (2017):
Collembolans and soil nematodes as biological regulators of the plant pathogen Fusarium
culmorum. — Journal of Plant Diseases and Protrection 124: 493-498.
https//doi.org/10.1007/s41348-017-0111-y.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(3):2601-2625.
http://www.aloki.hu e ISSN 1589 1623 (Print) ® ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2203_26012625
© 2024, ALOKI Kft., Budapest, Hungary


https://doi.org/10.1016/0038-0717(82)90094-3
http://www.bulletinofinsectology.org/pdfarticles/vol71-2018-071-076innocenti.pdf
https://doi.org/10.1016/S0038-0717(98)00185-0
https://doi.org/10.1111/j.2006.0030-1299.14714.x
https://doi.org/10.1007s00374-007-0222-x
https://doi.org/10.1016/j.apsoil.2010.11.001
https://doi.org/10.2307/2402638
https://doi.org/10.1046/j.1365-2664.2002.00769.x
https://doi.org/10.3390/d3040693
https://doi.org/10.32870/dugesiana.v17i1.3944
http://www.redalyc.org/articulo.oa?id=57507803

Miranda-Rangel et al.: Edaphic collembola (collembola) as indicators of the chemical characteristics of soil in a peach orchard

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

(78]

[76]

[77]

[78]

(Prunus persica (L.) batsch) in Michoacan, Mexico
- 2623 -

Miranda Rangel, A., Palacios-Vargas, J. G. (1992): Estudio comparative de las
comunidades de colémbolos edaficos de bosque de Abies religiosa y cultivo de haba (Vicia
faba). — Agrociencia 3: 7-18.

Mohammed, A. M., Umeozor, O., Gbarakoro, T. (2017): The effects of glyphosate and
multrazine on the abundance and diversity of soil microarthropods at the university park,
University of Port-Harcourt, Nigeria. — European Journal of Experimental Biology 7: 1-5.
https://doi.org/10.21767/2248-9215.100002.

Muturi, J. J., Mbugi, J. P., Mueke, J. M., Lagerlof, J., Mungatu, J. K., Nyamasyo, G.,
Gikungu, M. (2009): Collembola density and diversity along a gradient of land-use types
in Embu District, Eastern Kenya. — Tropical and Subtropical Agroecosystems 11: 361-369.
http://www.redalyc.org/articulo.0a?id=93913057012.

Nakano, M., Ochiai, A., Kamata, K., Nakamori, T. (2017): The preference of Morulina
alata (Collembola: Neanuridae) feeding on some fungal sporocarps and the effects of
passage through the gut on spores. — European Journal of Soil Biology 81: 116-1109.
https://doi.org/10.1016/j.ejsobi.2017.06.005.

Ngosong, C., Raupp, J., Scheu, S., Reuss, L. (2009): Low importance for a fungal based
food web in arable soils under mineral and organic fertilization indicated by Collembola
grazers. — Soil Biology and Biochemistry 41: 2308-2317.
https://doi.org/10.1016/j.s0ilbi0.2009.08.015.

Ngosong, C., Gabriel, E., Ruess, L. (2014): Collembola grazing on arbuscular mycorrhiza
fungi modulates nutrient allocation in plants. — Pedobiologia 57: 171-179.
https://doi.org/10.1016/j.pedobi.2014.03.002.

Page, A. (ed). (1982): Methods of Soil Analysis. Part 2. Chemical and microbiological
properties. — 2" ed. No. 9 (Part 2) in Agronomy Series, Madison.

Palacios-Vargas, J. G. (2000): Los Collembola (Hexapoda: Entognata) de Jalisco, México.
— Dugesiana 7: 23-36. Available at:
http://dugesiana.cucba.udg.mx/index.php/DUG/article/view/7201/6531.

Palacios-Vargas, J. G., Cutz-Pool, L. Q., Estrada-Barcenas, D. A. (2007a): Collembola. —
In: Luna, 1., Morrone, J. J., Espinosa, D. (eds.) Biodiversidad de la Faja Volcéanica
Transmexicana. México, D.F.: Universidad Nacional Autdnoma de México, pp. 331-344.
Palacios-Vargas, J. G., Castaflo-Meneses, G., Gomez-Anaya, J. A., Martinez-Yrizar, A.,
Mejia-Recamier, B. E., Martinez-Sanchez, J. (2007b): Litter and soil arthropods diversity
and density in a tropical dry forest ecosystem in Western México. — Biodiversity and
Conservation 16: 3703-3717. https://doi.org/10.1007/s10531-006-9109-7.
Palacios-Vargas, J. G. (2014): Biodiversidad de Collembola (Hexapoda: Entognatha) en
Meéxico. — Revista Mexicana de Biodiversidad 85 (SUPPL): 220-231.
https://doi.org/10.7550/rmb.32713.

Paul, D., Nongmaithem, A., Jha, L. K. (2011): Collembolan Density and Diversity in a
Forest and an Agroecosystem. — Open Journal of Soil Science 1: 54-60.
https://doi.org/10.4236/0jss.2011.12008.

Pommeresche, R., Loes, A-K., Torp, T. (2017): Effects of animal manure application on
collembola (Collembola) in perennial ley. — Applied Soil Ecology 110: 137-145.
https://doi.org/10.1016/j.aps0il.2016.10.004.

Potapov, A., Bellini, B. C., Chown, S. L., Deharveng, L., Janssens, F., Kovacs, L.,
Kuznetsova, N., Ponge, J-F., Potapov, M., Querner, P., Russell, D., Sun, X., Zhang, F.,
Berg, M. P. (2020): Towards a global synthesis of Collembola knowledge — challenges and
potential solutions. — Soil Organisms 92: 161-188.
https://doi.org/10.25674/5092iss3pp161.

Qin, J., Houmand, M. F., Ekelund, F. E., Renn, R., Christensen, S., de Groot, G. A,
Mortensen, L. H., Skov, S., Krog, P. H. (2017): Wood ash application increases pH but
does not harm the soil mesofauna. — Environmental Pollution 224: 581-589.
https://doi.org./10.1016/j.envpol.2017.02.041.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(3):2601-2625.
http://www.aloki.hu e ISSN 1589 1623 (Print) ® ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2203_26012625
© 2024, ALOKI Kft., Budapest, Hungary


http://www.redalyc.org/articulo.oa?id=93913057012
https://doi.org/10.1016/j.soilbio.2009.08.015
https://doi.org/10.1016/j.pedobi.2014.03.002
http://dugesiana.cucba.udg.mx/index.php/DUG/article/view/7201/6531
https://doi.org/10.7550/rmb.32713
https://doi.org/10.1016/j.apsoil.2016.10.004

Miranda-Rangel et al.: Edaphic collembola (collembola) as indicators of the chemical characteristics of soil in a peach orchard

[79]

(80]

[81]

(82]

(83]

[84]

(85]

(86]

[87]

(88]

[89]

[90]

[91]

[92]

(93]

[94]

(Prunus persica (L.) batsch) in Michoacan, Mexico
- 2624 -

Raymond-Léonard, L. J., Gravel, D., Reich, P. B., Handa, |. T. (2018): Springtail
community structure is influenced by functional traits but not biogeographic origin of leaf
litter in soils of novel forest ecosystems. — Proceedings of the Royal Society B: Biological
Sciences 285: 20180647. https://doi.org/10.1098/rspb.2018.0647.

Richards, W. R. (1968): Generic classification, evolution, and biogeography of the
Sminthuridae of the world (Collembola). — Memoirs of the Entomological Society of
Canada 100 (Supplement S53): 3-54. Canada. https://doi.org/10.4039/entm10053fv.
Ruano, F., Lozano, C., Garcia, P., Pefia, A., Tinaut, A., Pascual, F., Campos, M. (2004):
Use of arthropods for the evaluation of the olive-orchard management regimes. —
Agricultural and Forest Entomology 6: 111-120. https://doi.org/10.111/j.1461-
9555.2004.00210.x.

Ruess, L., Higgblom, M. M., Langel, R., Scheu, S. (2004): Nitrogen isotope ratios and
fatty acid composition as indicators of animal diets in belowground systems. — Oecologia
139: 336-346. https://doi.org/10.1007/s00442-004-1514-6.

Salamon, J. A., Schaefer, M., Alphei, J., Schmid, B., Scheu, S. (2004): Effects of plant
diversity on collembola in an experimental grassland ecosystem. — Oikos 106: 51-60.
https://doi.org/10.1111/j.0030-1299-2004.12905.x.

Salmon, S., Ponge, J-F. (1999): Distribution of Heteromurus nitidus (Hexapoda,
Collembola) according to soil acidity: interactions with earthworms and predator pressure.
— Soil Biology and Biochemistry 31: 1161-1170. https://doi.org/10.1016/S0038-
0717(99)00034-6.

Santonja, M., Fernandez, C., Proffit, M., Gers, C., Gauquelin, T., Reiter, I. M., Cramer, W.,
Baldy, V. (2017): Plant litter mixture partly mitigates the negative effects of extended
drought on soil biota and litter decomposition in a Mediterranean oak forest. — Journal of
Ecology 105: 801-815. https://doi.org/10.1111/1365-2745.12711.

Scheu, S. (2002): The soil food web: structure and perspectives. — European Journal of Soil
Biology 38: 11-20. https://doi.org/10.1016/S1164-5563(01)01117-7.

Scheu, S., Schaefer, M. (1998): Bottom-Up Control of the Soil Macrofauna Community in
a Beechwood on Limestone: Manipulation of Food Resources. — Ecology 79: 1573-1585.
https://doi.org/10.1890/0012-9658(1998)079[1573:BUCOTS]2.0.CO;2.

Scheu, S., Setidld, H. (2002): Multitrophic interactions in decomposer food-webs. — In:
Tscharntke, T., Hawkins, B. A. (eds.) Multitrophic level interactions. New York:
Cambridge University Press, pp. 223-264.

Scheunemann, N., Maraun, M., Scheu, S., Butenschoen, O. (2015): The role of shoot
residues vs. crop species for soil arthropod diversity and abundance of arable systems. —
Soil Biology and Biochemistry 81: 81-88. https://doi.org/10.1016/j.s0ilbio.2014.11.006.
Schiitz, K., Bonkowski, M., Scheu, S. (2008): Effects of Collembola and fertilizers on plant
performance (Triticum aestivum) and aphid reproduction (Rhopalosiphum padi). — Basic
and Applied Ecology 9: 182-188. https://doi.org/10.1016/j.baae.2006.07.003.

Seeger, J., Filser, J. (2008): Bottom-up down from the top: Honeydew as a carbon source
for soil organisms. — European Journal of Soil Biology 44: 483-490.
https://doi.org/10.1016/j.ejsobi.2008.07.008.

Sengupta, S., Ergon, T., Leinaas, H. P. (2017): Thermal plasticity in postembryonic life
history traits of a widely distributed Collembola: Effects of macroclimate and microhabitat
on genotypic differences. — Ecology and Evolution 7: 8100-8112.
htttps://doi.org/10.1002/ece3.3333.

Shiraishi, H., Enami, Y., Okano, S. (2003): Folsomia hidakana (Collembola) prevents
damping-off disease in cabbage and Chinese cabbage by Rhizoctonia solani. —
Pedobiologia 47: 33-38. https://doi.org/10.1078/0031-0456-00167.

Siddiky, M. R. K., Schaller, J., Caruso, T., Rillig, M. C. (2012): Arbuscular mycorrhizal
fungi and collembola non-additively increase soil aggregation. — Soil Biology and
Biochemistry 47: 93-99. https://doi.org/10.1016/j.s0ilbi0.2011.12.022.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(3):2601-2625.
http://www.aloki.hu e ISSN 1589 1623 (Print) ® ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2203_26012625
© 2024, ALOKI Kft., Budapest, Hungary


https://doi.org/10.1098/rspb.2018.0647
https://doi.org/10.4039/entm10053fv
https://doi.org/10.111/j.1461-9555.2004.00210.x
https://doi.org/10.111/j.1461-9555.2004.00210.x
https://doi.org/10.1007/s00442-004-1514-6
https://doi.org/10.1111/j.0030-1299-2004.12905.x
https://doi.org/10.1016/S0038-0717(99)00034-6
https://doi.org/10.1016/S0038-0717(99)00034-6
https://doi.org/10.1111/1365-2745.12711
https://doi.org/10.1016/S1164-5563(01)01117-7
https://doi.org/10.1890/0012-9658(1998)079%5b1573:BUCOTS%5d2.0.CO;2
https://doi.org/10.1016/j.soilbio.2014.11.006
https://doi.org/10.1016/j.baae.2006.07.003
https://doi.org/10.1016/j.ejsobi.2008.07.008
https://doi.org/10.1016/j.soilbio.2011.12.022

Miranda-Rangel et al.: Edaphic collembola (collembola) as indicators of the chemical characteristics of soil in a peach orchard
(Prunus persica (L.) batsch) in Michoacan, Mexico
- 2625 -

[95] Sisterson, M., Dwyer, D. P., Uchima, S. Y. (2020): Insect diversity in vineyards, almonds
orchards, olive orchards, alfalfa fields, and pastures in the San Joaquin Valley of California.
—Journal of Insect Conservation 24: 765-777.
https://doi.org/10.1007/s10841-020-00250-2.

[96] Snider, R. M., Butcher, J. W. (1973): The life history of Folsomia candida (Willem)
(Collembola: Isotomidae) relative to temperature. — The Great Lakes Entomologist 6: 97-
107. Available at https://scholar.valpo.edu/tgle/vol6/iss4/1.

[97] Soil Survey Staff (1999): Soil Taxonomy, 2" edition. — USDA National Resources
Conservation Services, Washington DC. https://doi.org/10.1111/j.1475-
2743.2001.tb00008X.

[98] Sokal, R., Rohlf, J. (2012): Biometry. The principles and practice of statistics in biological
research. — Fourth ed. San Francisco: W.H. Freeman and Co.

[99] Song, L., Liu, J., Yan, X., Chang, L., Wu, D. (2016): Euedaphic and hemiedaphic
Collembola suffer larger damages than epedaphic species to nitrogen input. —
Environmental Pollution B 208: 413-415. https://doi.org/10.1016/j.envpol.2015.10.008.

[100] StatSoft Inc. (2010): STATISTICA Version 8.0. — URL http://www.statsoft.com/.

[101] Tabaglio, V., Gavazzi, C., Menta, C. (2009): Physico-chemical indicators and
microarthropod communities as influenced by no till, conventional tillage, and nitrogen
fertilisation after four years of continuous maize. — Soil and Tillage Research 105: 135-
142. https://doi.org/10.1016/j.still.2009.06.006.

[102] Tsiafouli, M. A., Kallimanis, A. S., Katana, E., Stamou, G. P., Sgardelis, S. P. (2005):
Responses of soil microarthropods to experimental short-term manipulations of soil
moisture. — Applied Soil Ecology 29: 17-26. https://doi.org/10.1016/j.apsoil.2004.10.002.

[103] Twardowski, J. P., Hurej, M., Gruss, I. (2016): Diversity and abundance of collembola
(Hexapoda: Collembola) in soil under 90-year potato monoculture in relation to crop
rotation. — Archives of Agronomy and Soil Science 62: 1158-1168.
https://doi.org/10.1080/03650340.2015.1131270.

[104] Vegter, J. J. (1987): Phenology and seasonal resource partitioning in forest floor
Collembola. — Oikos 48: 175-185. https://doi.org/10.2307/3565853.

[105] Vincent, Q., Leyval, C., Beguiristain, T., Auclerc, A. (2018): Functional structure and
composition of Collembola and soil macrofauna communities depend on abiotic
parameters in derelicts soils. — Applied Soil Ecology 130: 259-270.
https://doi.org/10.1016/j.aps0il.2018.07.002.

[106] Wang, S., Tan, Y., Fan, H., Ruan, H., Zheng, A. (2015): Responses of soil microarthropods
to inorganic and organic fertilizers in a poplar plantation in a coastal area of eastern China.
— Applied Soil Ecology 89: 69-75. https://doi.org/10.1016/j.aps0il.2015.01.004.

[107] Wardle, D. A., Nicholson, K. S., Bonner, K. I., Yeates, G. W. (1999): Effects of agricultural
intensification on soil-associated arthropod population dynamics, community structure,
diversity, and temporal variability over a seven-year period. — Soil Biology and
Biochemistry 31: 1691-1706. https://doi.org/10.1016/S0038-0717(99)00089-9.

[108] Xie, L., Slotsbo, S., Holmstrup, M. (2023): Tolerance of high temperature and associated
effects on reproduction in euedaphic Collembola. — Journal of Thermal Biology 113:
103439. https://doi.ogr/10.1016/j.jtherbio.2022.103439.

[109] Xu, G. L., Kuster, T. M., Giinthardt-Goerg, M. S., Dobbertin, M., Li, M. H. (2012):
Seasonal exposure to drought and air warming affects soil collembola and mites. — PLoS
ONE 7: 23-27. https://doi.org/10.1371/journal.pone.0043102.

[110] zar, J. H. (1984): Biostatistical Analysis. — 2" Edition. Englewood Cliffs: Prentice-Hall,
Inc.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(3):2601-2625.
http://www.aloki.hu e ISSN 1589 1623 (Print) ® ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2203_26012625
© 2024, ALOKI Kft., Budapest, Hungary


about:blank
https://doi.org/10.1111/j.1475-2743.2001.tb00008x
https://doi.org/10.1111/j.1475-2743.2001.tb00008x
https://doi.org/10.1016/j.envpol.2015.10.008
http://www.statsoft.com/
https://doi.org/10.1016/j.apsoil.2004.10.002
https://doi.org/10.1080/03650340.2015.1131270
https://doi.org/10.1016/j.apsoil.2015.01.004
https://doi.org/10.1371/journal.pone.0043102

