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Abstract

Objective: To determine the relationship among some soil chemical, physical and biological properties and the plant
component in pastureland agroecosystems of Granma province, Cuba.

Materials and Methods: The research was conducted in five pastureland agroecosystems of Granma province,
Cuba, in the period 2014-2017. The granulometric composition, microstructure, structural stability, hygroscopic
humidity, bulk density, real density, pH (H,O), Na, K, Ca, Mg, P,O, and electrical conductivity were determined in
the laboratory of the National Institute of Agricultural Sciences. The edaphic macrofauna was collected according to
the TSBF (Tropical Soil Biology and Fertility) and pitfall traps.

Results: There was significant canonical correlation between chemical and physical properties of soils and macrofauna
communities. The orders Isopoda and Haplotaxida were the edaphic macrofauna variables that contributed most to
the variance shared by both groups of variables. Meanwhile, bulk density, true density, clay content, hygroscopic
moisture, pH, Ca, K and Mg, were the physical and chemical properties with the highest correlation.

Conclusions: The orders Haplotaxida and Isopoda are proposed as soil quality indicators, selected and validated from
the analyses of canonical correlations with physical and chemical edaphic properties and with the plant component.

Keywords: soil organisms, soil properties, animal husbandry systems

Introduction changes in land use and ease of interpretation and

Edaphic biota comprises organisms that spend
part or all of their life cycle within the soil or on
its immediate surface. It includes arthropods,
nematodes, and mollusks, among others. According
to their body size, edaphic fauna is classified into
microfauna, mesofauna and macrofauna (Mekonen,
2019).

The edaphic fauna performs multiple environ-
mental services beneficial to human well-being and
health: decomposition of organic matter, supply of
plant nutrients, maintenance of soil structure, water
movement and holding in the soil profile, biological
control of pests and diseases, and carbon sequestra-
tion and release (Tanjung ef al., 2020).

Macrofauna communities are often considered
as bioindicators of soil quality because they are
sensitive to environmental changes that can cause
variation in their abundance and composition
(Machado-Cuellar et al., 2020; Morel and Ortiz-
Acosta, 2022). Soil quality depends on physical,
chemical and biological properties. According to
their spatial and temporal variability, sensitivity to
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execution, they can be used as quality indicators.

The study of the relationship between the
physical and chemical properties of the soil, its
intensity of use and the abundance and diversity of
edaphic biota is used to select quality indicators,
which is a current topic in soil ecology research
(Diaz-Porres et al., 2014). In Cuba, several groups
of edaphic macrofauna have been identified as
indicators of soil quality. Nevertheless, extending
the utilization of the already-generated indicators to
different soils and ecosystems is recommended, in
order to enhance the actions of research, validation
and generalization of results in the country. (Cabrera-
Davila et al., 2022). The objective of this study was to
determine the relationship between some chemical,
physical and biological properties of the soil and the
plant component in pastureland agroecosystems in
Granma province, Cuba.

Materials and Methods

Location. The research was developed in five
grassland agroecosystems in Granma province,
located in the southwestern portion of the eastern
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region of Cuba, between coordinates 20°23'00”N and
76°39'09"W. Table 1 shows the main characteristics
of the agroecosystems. Sampling was conducted
twice a year, in the rainy season, (RS) and in the dry
season (DS), from July, 2014, to March, 2017.
Sampling and identification of edaphic macro-
fauna and mesofauna. Two methods were used:
the one recommended by the Tropical Soil Biology
and Fertility program (Anderson and Ingram, 1993)
and pitfall traps (Moreira et al., 2012). For the first
method, the leaf litter was previously cleaned and

Table 1. Main characteristics of agroecosystems.

all types of foreign bodies, such as stones and plant
debris, were removed. On the diagonal of the sam-
pling area, five monoliths per hectare, measuring
25 x 25 x 20 cm, were extracted at a distance of
20 m. Individuals of the macrofauna were collected
in situ and counted by hand. The earthworms were
preserved in 4 % formaldehyde and the remaining
invertebrates in 70 % ethanol.

For the second sampling method, nine traps
were placed in each study area, arranged in the two
diagonals in the form of a cross, with a trap in the

Agroecosystem Triangulo y Progreso  Cupeycito Ojo de agua Pasture station
Municipality Bayamo Jiguani Guisa Bayamo
Affiliation UBPC Francisco Animal Hus- Rafael Almaguer’s Jorge Dimitrov
Suérez Soa bandry Enter- farm, CCS Braulio

prise Manuel Coroneaux

Fajardo
Purpose Milk production Calf rearing Bull fattening Bull fattening
Soil type Pellic vertisol Carbonate loose  Carbonate loose brown  Fluvisol

brown
Grazing method Continuous Rotational Continuous Rotational
Total grazing area, T:18,5 14,2 6,7 0,8
ha P: 20,4
Sampling area, T: 2 11 % 1,8 13 % 1,2 18 % 0,8 100 %
ha+++ and P:2 10%
percentage it
represents of total
area
Prevailing pasture Dichantium caricosum — Megathyrsus Dichantium caricosum  Silvopastoral system

type L. A. Camus and maximus (Jacq.) L. A. Camus) of M. maximus grass
Cynodon nlemfuensis and Leucaena
Vanderyst. leucocephala (Lam.)
Time of exploitation, 20 10 7 10
years
Breed and stocking ~ Siboney crossbred Creole Crossbred Siboney crossbred
rate, LAU ha™! 1,5 1,7 2,2 1
General conditions Totally deforested Good shade Good shade level by Good shade level,
grazing areas, without level by trees trees, without paddocks, zone of intense
paddocks. and paddock relief with slope (10 %). drought
establishment, Susceptibility to erosion.
It is flooded in the pjgh amount
rainy season of stones. Tree Tree species: L. leuco-
species:  Cocos cephala; Samanea sa-
nucifera); Gua- man); Cuban mahogany

zuma ulmifolia);
poplar (Populus
sp.)

(Swietenia  mahagoni
(L.) Jacq.); Cuban cedar
(Cedrela odorata L.)

T: El Triangulo P: El Progreso, UBPC: Basic unit of cooperative production, CCS: Cooperative of Credit and Service



Relationship of edaphic biota with soil physical and chemical properties in five pasturelands

center. Plastic containers 8§ cm in diameter and 10
cm deep were used, which were buried at ground
level, with the least possible disturbance to the sur-
rounding area. A 0,003 % aqueous detergent solu-
tion, prepared with LABIOFAM commercial liquid
detergent, was then added and the containers were
covered with dry leaves and plant debris from each
agroecosystem. After seven days, the contents of
the traps were collected in glass jars and transferred
to the laboratory. Using a stereoscope, the individuals
were extracted from the solution and counted and
placed in vials with 70 % ethanol.

Fortheidentification ofthe preserved specimens,
the works by Hickman et a/. (2008) and Brusca and
Brusca (2003) were consulted. The entomological
collection belonging to the Provincial Laboratory
of Plant Health in Granma was also reviewed. The
variables in the monoliths and in the pitfall traps
were defined: number of individuals belonging to
the orders Araneae, Hymenoptera, Hymenoptera-
Formicidae, Coleoptera, Isopoda, Hemiptera and
Haplotaxida.

Table 2. Microflora isolation conditions.
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The edaphic mesofauna was determined in
the pitfall traps. After rinsing the individuals with
5 % sodium hydroxide and putting them through
lactophenol with slight heating, they were finally
mounted in FOR or Hoyer liquid for classification.
Taxonomic identification was performed according
to the work carried out by Brusca and Brusca
(2003) and Diaz-Azpiazu et al. (2004). The variables
number of mites and springtails were defined.

Microflora. Five samples composed of ten
subsamples were taken at a depth of 0-20 cm, using
a pickaxe. The method of serial dilutions and deep
sowing in Petri dishes was used (Mayea et al.,
1998). The number of colony forming units (CFU)
of bacteria, fungi and actinomycetes were defined
as variables.

The microflora isolation conditions are shown
in table 2.

Determination of the chemical and physical
properties of the soil. For the determination of
chemical and physical indicators (table 3), five
composite samples (ten subsamples taken in zigzag)

Microbial group  Dilution  Culture medium Temperature, °C  Incubation time
Bacteria 106 Nutrient agar 30 24 hours
Fungi 104 Malt extract agar 30 5 to 7 days
Actinomycetes 105 Starch ammonium agar 30 5to 7 days

Table 3. Physical and chemical properties of the soil. Methods for their determination.

Indicator Methods

pH (H,0) (1:2) Potentiometry, NC ISO 13.080.10 :2015

OM, % NC ISO-51, 1999

Na, K, Ca, Mg¥ Extraction with AcNH,, By Maslova’s method
Na, K, cmol kg! Determination by flame photometry

Ca, Mg, cmol kg™ Determination by volumetry with EDTA
P,O,, ppm Oniani (1964)

CE, dS m Conductometer NC 112:2001

Granulometric composition and microstructure, %
Hygroscopic moisture, %

Bulk density, g cm?

Real density, g cm?

Dry sieving and structural stability, %

Dry structure coefficient

Total porosity

Organic carbon, %

NRAG 408, 1981

Gravimetric method NC 110, 2001
NRAG 370, 1980

NC 11 508, 2000

Savinov’s method (Orellana et al., 1990)
Calculation

Pt = (1- Da/Dr)*100

CO=MO*0,58

NC: Cuban standard, NRAG: Agricultural branch standard, ¥ Exchangeable cations.
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were taken throughout the sampling area, at a depth
of 0-20 cm, with the help of a helicoidal auger.
These samples were air-dried and then ground and
sieved (1 mm) for agrochemical analysis. For the
determination of bulk density, undisturbed soil
samples were taken.

Determination of botanical composition and
biomass production. Botanical composition was
determined in 80 randomly distributed frames ha in
each sampling area using the method of t’Mannetje
and Haydock (1963). Botanical composition was
estimated from the relative importance value, which
depended on the frequency and relative dominance
of grass, weeds and bare soil or depopulation,
considered by the absence of vegetation.

Biomass availability was determined in each
area, in 100 frames of 0,25 m?, randomly taken
according to the methodology proposed by Haydock
and Shaw (1975). The grass sample patterns were cut
at a height of approximately 10 cm. Four variables
were defined: percentage of grasses, weeds and
bare soil and biomass production (t ha™).

Statistical analysis. Canonical correlation
analyses were performed among the groups of
edaphic macrofauna variables in the monoliths
and pitfall traps. Mesofauna and microflora were
determined with the soil physical and chemical
variables and plant component variables defined
above. This analysis was performed for two groups
ofvariables ineach case. Two criteria for significance
of canonical relationships were used, according to
Badii ef al. (2007): level of statistical significance
of the functions (p < 0,05) and magnitude of the
canonical correlation (Rcanonical > 0,75). The
analysis was performed with the statistical package
Statistica V 8.0 for Windows (Statsoft, 2008).

Results and Discussion

Canonical correlations of edaphic biota
variables with soil physical and chemical properties.

The canonical correlation analysis was significant
between edaphic macrofauna and microflora
variables and soil physical and chemical properties
(table 4). When analyzing the structure of the
factors obtained in the canonical correlation, it
was observed that, in all cases, the order Isopoda
was among the edaphic macrofauna variables that
contributed most to the variance shared by both
groups of variables. For the macrofauna determined
by the monolith method, the order Haplotaxida,
which was only observed by this method, was
added. The above-explained fact allows to infer that
in the studied agroecosystems these orders are the
most related to the physical and chemical properties
of these soils. There was no significant canonical
correlation of the edaphic mesofauna variables with
the physical and chemical properties of the soil.

There were differences in terms of the physical
and chemical variables of higher contribution
to variance when the analysis was performed
with the macrofauna determined by the monolith
method and by the pitfall traps. In the macrofauna
determined by the trap method, there was a positive
influence of Mg and Da, and by pH and Dr in a
negative way. In the macrofauna determined by the
monolith method, it was positively related to Ca,
K and negatively to Hy and clay percentage. This
could be due to the differences in the macrofauna
collected in both methods, since the fauna with
characteristics of greater mobility (diurnal or
nocturnal activity) is more easily captured by the
traps; while the monoliths concentrate their action
on less mobile organisms, with diurnal activity
fundamentally (Chavez, 2020).

Figures 1 and 2 show the most important simple
correlations between edaphic biota organisms and
soil physical and chemical variables. The order
Isopoda was positively related to Dr, hygroscopic
moisture and total porosity and negatively to Da,
Ca and Mg. Organisms belonging to Haplotaxida

Table 4. Canonical correlations between edaphic biota variables and soil physical and chemical properties.

Group 1 Group 2 Canonical R x2 p Variables with the highest contribution
Macrofauna-t ~ Physical 0,89 67,01 0,008 Isopoda, Dr (-), Da

Macrofauna-t ~ Chemical 0,92 77,83 0,004 Isopoda, Mg, pH (-)

Macrofauna-m Physical 0,89 69,36 0,005  Isopoda, Haplotaxida, Hy (-), Clay (-)
Macrofauna-m Chemical 0,91 72,95 0,012  Haplotaxida, Isopoda, Ca, K
Microflora Physical 0,99 130,87 0,000  Bacteria, Hy (-)

Microflora Chemical 0,99 137,86 0,000  Actinomycetes, Na, Ca

Macrofauna-t: macrofauna captured in the traps; Macrofauna-m: macrofauna captured in the monoliths
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Bacteria

Haplotaxida
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%Clay
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Fungi Actinomycetes

-0,70
0,72 .
Da Dr Pt
-0,59 0,54 0,65
Isopoda

Fig. 1. Correlations between edaphic biota and soil physical variables (Hy: hygroscopic moisture,
EE: structural stability, Da: bulk density, Dr: real density, Pt: total porosity).

Bacteria

Actinomycetes

-0.68
0,64

Isopoda

Haplotaxida

Mg

-0,51

Fig. 2. Correlations between edaphic biota and soil chemical variables.

were positively related to hygroscopic moisture
and K and negatively to clay percentage. All
bacterial relationships were negative with regards
to structural stability, clay percentage, hygroscopic
moisture and Ca and Na.

Fungi were only positively related to physical
variables (structural stability and Dr); while
actinomycetes were only related to chemical
variables (negatively to Ca and Na, and positively
to Mg and P).

The distribution of soil macrofauna depends on
several factors: soil type, nutrient content, organic
matter, pH, texture and structure (Pollierer et al.,
2021). In addition, factors related to vegetation,
climate, land use and developed anthropogenic
management are very important (Tanjung et al.,
2020; Valkay-Halkova et al., 2022). The correlations
between edaphic biota and soil physical and chemical
properties observed in this study have been reported
by other authors. Diaz-Porres et al. (2014) found
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significant correlations between soil physical and
chemical variables and the density of taxonomic
groups of the edaphic macrofauna. These authors
concluded that, when analyzing the structure of
the factors obtained in the canonical correlation,
the C/N ratio and the percentage of organic matter
were the edaphic variables that best explained the
distribution of macroarthropods. This differs from
the results shown, since these factors were not the
ones with the greatest contribution.

From the point of view of simple correlations,
similar results to those reviewed in the literature
were also recorded. Rosa et al. (2015) found that the
soil chemical properties that correlated best with the
edaphic macrofauna groups were organic matter,
Ca, Mg, P and K, when they conducted a study that
included pasturelands, in Santa Catarina, Brazil.
Gholami et al. (2016) also reported a coincident
result, finding a negative correlation of clay content
and electrical conductivity, with some edaphic
macrofauna indices (abundance, uniformity,
richness and diversity) in a study conducted in
a forest southwest of Irdn. These indices were
positively correlated with organic matter and silt
content. Hani and Suhaendah (2019) noted that the
factors that influenced soil macrofaunal diversity
were soil pH, temperature, and soil moisture. Ge et
al. (2021) distinguished organic carbon as the main
factor among soil properties, which determines the
composition of edaphic macrofauna.

Li et al. (2020) reported that the biota groups
Bourletiella (Collembola), Symphylaand Armadillidae
(Isopoda) were mainly influenced by the K content;
while Staphylinidae (Coleoptera) larvae were mainly
affected by soil temperature. Other groups, such
as Muscidae (Diptera), Chironomid, Psychodidae,
and Scydmaenidae (Coleoptera), showed minimal
influence of soil factors.

Tulande et al. (2018) similarly found that
macrofauna showed positive response to soil P, K,
and Na content, in the Colombian Andes. Other
authors reported that P and Na determine the
presence of some groups of edaphic macrofauna,
such as Araneae, Coleoptera, Isopoda and
Haplotaxida (Ott et al., 2014). However, in rice
fields in Indonesia, Tanjung et al. (2020) established
that P availability did not influence the increase in
diversity of edaphic macrofauna groups.

Inastudy conducted in natural, grazed savannas
in the Venezuelan plains, Morales-Marquez et al.
(2018) observed that edaphic macrofauna correlated
positively with soil porosity and negatively with

bulk density, as was the case for the order Isopoda
in this research (fig. 1).

Several studies in tropical and subtropical
regions have directly related, at local scale, the spatial
distribution, density and biomass of earthworms
and soil macrofauna communities to the content of
organic matter, nitrogen and other nutrients, C/N
ratio, pH, texture (sand and clay content), cation
exchange capacity, water holding, aeration, porosity
and soil structure (Rodriguez-Suérez et al., 2019;
Sofo et al., 2020; Panklang et al., 2022).

The literature evidences the importance of soil
nutrients for the development of edaphic macrofauna,
such as calcium, which is involved in several
mechanisms of osmotic regulation in invertebrates,
as well as in growth processes (Rosa et al., 2015).
Meanwhile, in oligochaetes, it is part of the spatial
arrangement of hemoglobin polypeptide subunits
(Moreira et al., 2011).

According to De-la-Cruz-Lozano (2005),
potassium and phosphorus can be limiting factors
in insect growth and magnesium is essential as an
enzymatic cofactor.

If we analyze the large contribution of the orders
Haplotaxida and Isopoda to the factors obtained in
the canonical correlation together with Dr, Da, Hy,
clay content, pH, Ca, K, Mg and Na, we also find
elements that agree with literature. The dependence
of earthworms on texture, true density, porosity and
organic carbon manifests changes in composition
and abundance on a short time scale (Zhukova
and Mytiai, 2022). According to these authors,
earthworms prevail in moist, non-compacted soil
environments with high organic matter content.

Rodriguez (2020) in a study with various levels
of diversification and intensification in crop rotation
in Argentina, found that earthworm abundance
and biomass were positively related, mainly with
organic matter content. Similarly, Hoeftner et al.
(2021), in 24 pasturelands in France, detected that
increased organic matter was the most favorable
factor for earthworm abundance and biomass.
Nanganoa et al. (2019) recorded a strong and
negative correlation of pH and earthworm numbers
in five intensive land uses in the humid tropics of
Cameroon.

It is also acknowledged that detritivorous
organisms, such as those belonging to the order
Isopoda, are very sensitive to physical and chemical
changes in the soil, as well as to sudden changes in
temperature and humidity in their habitats, so they
can be used to indicate the state of disturbance in
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the edaphic environment. For these organisms, a
diverse vegetation cover is indispensable, since it
brings with it more heterogeneous litter and higher
concentration of macronutrients in the soil. In this
regard, Isopoda has been associated with higher
vegetation cover, organic matter and soil moisture
(Cabrera-Davila, 2019). Other authors emphasized
the importance of Isopoda in litter decomposition
and interaction with soil microorganisms (Pey et
al., 2019).

Canonical correlations among edaphic biota
variables. Among the different groups of edaphic
biota, significant canonical correlations were also
established. This is the case of the macrofauna
determined by the traps and the mesofauna
(Rcanonical = 0,79; 2 = 29,12; p = 0,0038). Here,
coleoptera and mites were the most negatively
influencing variables. The microflora (bacteria,
fungi, actinomycetes) was correlated with the
macrofauna determined by the monoliths (canonical
R=0,95;%2=29,12; p=0,0099). The number of bacteria
and the order Isopoda were the variables that had the
greatest negative contribution to variance.

Individual correlations showed that bacteria were
positively related to the order Isopoda, Hemiptera,
Haplotaxida and to actinomycetes, which were
positively related to fungi (fig. 3).

Several biota groups were related to each other:
mites and Coleoptera, spiders and Hymenoptera, ants
and Coleoptera, presumably because of their similar
mobility. Interestingly, all the relationships established
among the components of the edaphic biota were

Mites

1

0,71

|
Hym-Formicidae | — 061 — | Coleoptera
Araneae | — 083 — | Hymenoptera

Fig. 3. Correlations among the edaphic biota groups.

Pastos y Forrajes, Vol. 46, 2023

positive. Diaz-Porres et al. (2014) also found this type
of correlation between Araneae and Coleoptera and
other groups of the edaphic macrofauna: Isopoda with
Hemiptera and Lepidoptera with Chilopoda.

Canonical correlations between edaphic biota
variables and plant component variables.

The edaphic biota variables that showed significant
canonical correlations with plant component
variables were macrofauna determined by monoliths
(Rcanonical = 0,89; 2 = 54,39; p = 0,00038) and
microflora (Rcanonical = 0,93; %2 = 59,71; p = 0,0000).
Of the former, the variables that contributed most to
the variance were depopulation percentage and order
Haplotaxida. Of the latter, the percentage of weeds
and fungi showed the highest contribution. Bacteria
and individuals belonging to Isopoda were positively
related to biomass production and pasture percentage
(fig. 4). Actinomycetes and bacteria were negatively
related to the percentage of weeds. Meanwhile, fungi
were positively related, and it seems that soils with
higher cover of weeds were those that provided
better conditions for these microorganisms and, in
turn, were negatively related to the percentage of
grasses.

It has been widely reported in literature that
vegetation diversity, as well as soil cover, are
associated with the diversity and abundance of
edaphic fauna (Lo-Sardo and Silva, 2019; Sabatt¢ et
al., 2021; Panklang et al., 2022). The above supports
the results that showed the relationship between
plant component variables and macrofauna,
determined by monoliths and microflora.

Fungi
l
0,63
|
Isopoda Actinomycetes
| -
090 0,63
'I /
Bacteria |— 0,55 — |Hemiptera
I
0,52
I
Haplotaxida
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% Bare soll
-0,63
Isopoda 0,60 % Pastures
0,52
0,73
-0,51
0,50|
Bacteria Fungi Actinomycetes
0,71
0,72
-0,66

Biomass % Weeds

Fig. 4. Correlations between edaphic biota and vegetation variables.

Rodriguez-Suarez et al. (2018) in the evaluation
of edaphic macrofauna in different land uses of
the Colombian Amazon, including pastures and
silvopastoral systems, referred that the principal
component analysis separated natural forest as the
land use with the highest diversity of macrofauna,
where orders Isopoda and Gastropoda were
abundant. According to these authors, the results
indicate that higher tree diversity may result in
greater heterogeneity and quantity of leaf litter
and, consequently, greater availability of food
and microhabitats, as well as better edaphic and
microclimatic conditions for the development of
macrofauna.

Rodriguez (2020) reported that earthworm
abundance and biomass were positively related to
rotation intensity and legume proportion indices in
agroecosystems in Argentina. Singh et al. (2021)
reported that, in Germany, in different grassland
types, earthworm communities were significantly
affected. The lowest abundance and biomass could
be seen in grassland subject to intensive use, due
to the lower diversity of plants present. Guaca et
al. (2019) reported a significant effect of vegetation
(forests, forest plantation, silvopastoral system and
pastureland) on soil microbiological properties in
the Colombian Amazon.

Selection of indicators. The orders of the
edaphic macrofauna Isopoda and Haplotaxida were
selected as indicators of good quality of the edaphic
environment, because according to the analysis of
canonical correlations they were the ones that had
the best relationship with the physical and chemical
properties of soils, as well as with the variables of
the plant component in the studied pasturelands. In
addition, as biological indicators they fulfill certain
characteristics that support them for this purpose:
great aptitude for speciation, short life cycle, little
dispersal power due to their adaptation to edaphic
life and different soil types, feeding habits related
to the degradation of organic matter and predictable
response to changes in the environment (Cabrera-
Davila, 2019). These organisms are easy to collect
and identify, as they can be seen with the naked
eye. In addition, laboratory equipment, reagents,
and specialized personnel are not needed for their
determination, which is a limitation for physical
and chemical indicators.

Several studies suggest the use of earthworms
as indicators of soil quality (Mekonen, 2019; Siebert
et al., 2019; Rodriguez, 2020). In Cuba, Cabrera-
Davila (2019) proposed the earthworms/ants ratio
as a fauna indicator. In land uses with greater soil
cover, as is the case of forests, this ratio was higher
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than one; while in use systems with a higher degree
of disturbance the values were close to zero. The
authors point out the practical usefulness of this
indicator, because the involved groups are easy to
identify and do not require specialized knowledge.
Likewise, the families belonging to Isopoda are
defined as indicator taxa: Philosciidae in primary
forests and Trachelipidac and Armadillidae in
agroforestry systems.

In spite of the above-stated facts, Ramirez et
al. (2019) recognize that the identification and study
of these organisms as bioindicators of soil quality
and ecosystem biodiversity remains a universal
problem, and that macro-invertebrate communities
vary in their composition, abundance and richness,
depending on the state of disturbance caused by
land use change. Therefore, they are indicators of
the disturbance and impact of different forms of
management.

Conclusions

There were significant canonical correlations
between the physical and chemical properties of the
soil with the edaphic biota, and of the latter with the
plant component and among the biological variables
themselves. From the last ones, it was possible to
suggest relationships between these elements in the
studied pastureland agroecosystems, which help to
explain the dynamics of these soil organisms with the
physical and chemical properties and with the plant
component. The orders Haplotaxida and Isopoda
are proposed as soil quality indicators, selected and
validated from the analysis of canonical correlations
between physical and chemical edaphic properties
and the plant component. In addition, they are easy
to sample and identify, which can be carried out by
farmers, researchers and other specialists.

Acknowledgments

The authors thank the managers and work
groups of the units where the research was carried
out and the national project P131-LH002-016
“Rehabilitation of pastoral systems in fragile and
degraded ecosystems in the eastern region of Cuba”
for financing the research.

Conflict of interest
There is no conflict of interest among the authors.
Authors’ contribution

* Licet Chavez-Suarez: Designed the research, di-
rected the field work, carried out the analysis and
interpretation of the results and wrote the paper.

Pastos y Forrajes, Vol. 46, 2023

» Idalmis Rodriguez-Garcia: Participated in the
research design, analysis and interpretation of
the results and writing of the paper.

* Verena Torres-Cardenas: Performed the statis-
tical analysis of the results and collaborated in
their analysis and interpretation.

* Diocles Benitez-Jiménez: Collaborated in the
research design and with the statistical analysis
and interpretation of the results.

« Alexander Alvarez Fonseca: Participated in the
research design, took field samples and collabo-
rated in writing the paper.

Bibliographic references

Anderson, J. M. & Ingranm, J. S. L., Eds. Tropical soil
biology and fertility. A handbook of methods. 2nd
ed. Wallingford, UK: CAB International, 1993.

Badii, M. H.; Castillo, J.; Cortez, K.; Wong, A. &
Villalpando, P. Analisis de correlacion candnica
(ACC) e investigacion cientifica. /nnovaciones
de Negocios. 4 (2):405-422, 2007. DOI: https://
doi.org/10.29105/rinn4.8-9.

Brusca, R. C. & Brusca, G. J. 2da ed. Mc Graw. Hill
de Espafa. 973 p. Edicion espafiola a cargo
de Fernando Pardos Martinez, Universidad
Complutense de Madrid. Invertebrados. Madrid:
McGraw-Hill/Interamericana, 2003.

Cabrera-Davila, Grisel de la C. Evaluacion de la
macrofauna eddfica como bioindicador del impacto
del uso y calidad del suelo en el occidente de Cuba.
Doctorado en Conservacion y Restauracion de
Ecosistemas. Alicante, Espafia: Departamento
de Ecologia, Instituto de Ecologia y Sistematica,
Universidad de  Alicante.  http:/hdlLhandle.
net/10045/88889, 2019.

Cabrera-Davila, Grisel de la C.; Sanchez-Rendoén,
J. A. & Lima, D. Ponce-de-Ledn-. Macrofauna
edéfica: composicion, variacion y utilizacion
como bioindicador segtin el impacto del uso y
calidad del suelo. Acta Bot. Cub. 221:e01. https://
cu-id.com/2402/v221e01, 2022.

Chavez, Licet. Caracterizacion de la biota eddfica
vy su relacion con las propiedades del suelo en
agroecosistemas de pastizales de la provincia
Granma. Tesis de Doctorado. San José de las
Lajas, Cuba: Instituto de Ciencia Animal, 2020.

De-la-Cruz-Lozano, J. Entomologia, morfologia y
fisiologia de los insectos. Colombia: Universidad
Nacional de Colombia, Sede Palmira. https:/
www.bfa.fcnym.unlp.edu.ar/catalogo/doc_num.
php?explnum_id=2992, 2005.

Diaz-Azpiazu, Magaly; Gonzalez-Cairo, Vivian;
Palacios-Vargas, J. G. & Luciafiez-Sanchez, Ma.
José. Clave dicotomica para la determinacion de
los colémbolos de Cuba (Hexapoda: Collembola).
Boln. S.E.A. 34:73-83. http://sea-entomologia.
org/PDF/BOLETIN_34/B34-011-073.pdf, 2004.



Pastos y Forrajes, Vol. 46, 2023
Licet Chavez-Suarez

Diaz-Porres, Monica; Rionda, Macarena H.; Duhour, A.
E. & Momo, F. R. Artrépodos del suelo: Relaciones
entre la composicion faunistica y la intensificacion
agropecuaria. Ecologia Austral. 24:327-334, 2014.
DOIL: https://doi.org/10.25260/EA.14.24.3.0.10.

Ge, B.; Yang, R.; Yang, L.; Jiang, S. & Tang, B. Changes
in soil macrofaunal communities along soil age
gradient under centuries of cultivation after
coastal reclamation. CATENA. 200:105170, 2021.
DOI: https://doi.org/10.1016/j.catena.2021.105170.

Gholami, Shaieste; Sayad, E.; Gebbers, R.; Schirrmann,
M.; Joschko, Monika & Timmer, J. Spatial
analysis of riparian forest soil macrofauna and its
relation to abiotic soil properties. Pedobiologia.
59 (1):27-36, 2016. DOI: https://doi.org/10.1016/].
pedobi.2015.12.003.

Guaca, L.; Contreras, A. T.; Rodriguez, L. &
Suarez, J. C. Microbial properties of soil in
diffrent coverages in the Colombian Amazon.
FLORAM. 26 (4):¢20171051, 2019. DOI: https://
doi.org/10.1590/01000683rbcs20150033.

Hani, A. & Suhaendah, E. Diversity of soil macro fau-
na and its role on soil fertility in manglid agro-
forestry. Indones. J. For. Res. 6 (1):61-68. https://
pdfs.semanticscholar.org/9366/1bdfdfaccaf-
307cfel0d1dfb45c2756eb442.pdf, 2019.

Haydock, K. P. & Shaw, N. H. The comparative
yield method for estimating dry matter yield of
pasture. Aust. J. Exp. Agric. 15 (76):663- 670,
1975. DOI: https://doi.org/10.1071/EA9750663.

Hickman, C. P.; Roberts, L. S.; Keen, Susan L.; Lar-
son, A.; I’Anson, Helen & Eisenhour, D. J. In-
tegrated principles of Zoology. New York:
McGraw-Hill Companies, Inc. https://con-
tent.schoolinsites.com/api/documents/a622d-
099¢254413d92b81204f1d0de3.pdf, 2008.

Hoeffner, K.; Santonja, M.; Monard, Cécile; Barbe,
L.; Moing, Mathilde L. E. & Cluzeau, D. Soil
properties, grassland management, and landscape
diversity drive the assembly of earthworm
communities in temperate grasslands. Pedosphere.
31 (3):375-383, 2021. DOL: https://doi.org/10.1016/
S1002-0160(20)60020-0.

Li, W.; Dou, Z.; Cui, Lijuan; Zhao, X.; Zhang, Manyin;
Zhang, Yan et al. Soil fauna diversity at different
stages of reed restoration in a lakeshore wetland
at Lake Taihu, China. Ecosyst. Health Sustain.
6 (1):1722034, 2020. DOI: https://doi.org/10.1080
/20964129.2020.1722034.

Lo-Sardo, P. M. & Silva, J. Edaphic macrofauna as
a recovery indicator of abandoned areas of
Corymbia citriodora in the Southeastern Brazil.
FLORAM. 26 (4):€20190031, 2019. DOI: http://
dx.doi.org/10.1590/2179-8087.003119.

Machado-Cuellar, Leidy; Rodriguez-Sudrez, L.; Murcia-
Torrejano, V.; Orduz-Tovar, S. A.; Ordofiez-
Espinosa, Claudia M. & Suarez, J. C. Macrofauna

del suelo y condiciones edafoclimaticas en un
gradiente altitudinal de zonas cafeteras, Huila,
Colombia. Rev. biol. trop. 69 (1):102-112, 2021.
DOI: http://dx.doi.org/10.15517/rbt.v69i1.42955.

Mayea, S.; Novo, R.; Boado, L; Silveira, E.; Soria, M.;
Morales, Y. et al. Microbiologia agropecuaria.
La Habana: Editorial Félix Varela, 1998.

Mekonen, S. Soil fauna as webmasters, engineers
and bioindicators in ecosystems: implications
for conservation ecology and sustainable
agriculture. Am. J. Life Sci. 7 (1):17-26, 2019.
DOT: https://doi.org/10.11648/.ajls.20190701.14.

Morales-Marquez, J. A.; Hernandez-Hernandez, Rosa
M.; Sanchez, Gloria K.; Lozano, Zenaida; Castro,
I.; Bravo, C. et al. Soil macroinvertebrates
community and its temporal variation in a well-
drained savannah of the Venezuelan Llanos.
Eur. J. Soil Biol. 84:19-26, 2018. DOLI: https://doi.
org/10.1016/j.ejsobi.2017.11.002.

Moreira, Fatima M. S.; Huissisg, E. J. & Bignell, D.
E., Eds. Manual de biologia de suelos tropicales.
Muestreo y caracterizacion de la biodiversidad
bajo suelo. México: Instituto Nacional de
Ecologia, Secretaria de Medio Ambiente y
Recursos Naturales, 2012.

Moreira, L. M.; Moraes, P. C. G. de; Mendonga, J. P.
R. F. de; Guimaraes, Luciana; Lyon, Juliana P.;
Aimbire, F. etal. Hemoglobina extracelular gigante
de Glossoscolex paulistus: um extraordinario
sistema supramolecular hemoproteico. Quim.
Nova. 34 (1):119-130. https:/www.scielo.br/j/qn/a/
8Sxxp8Rwj6bGGjNPrf4POwS/?lang=pt, 2011.

Morel, A. & Ortiz-Acosta, O. Quality of the soil in
the different uses and managements through
macrofauna as a biological indicator. Braz. J. Anim.
Environ. Res. 5 (1):996-1006, 2022. DOI: https:/
doi.org/10.34188/bjaerv5nl1-074.

Nanganoa, L. T.; Okolle, J. N.; Missi, V.; Tueche, J. R.;
Levai, L. D. & Njukeng, J. N. Impact of different
land-use systems on soil physicochemical
properties and macrofauna abundance in the
humid tropics of Cameroon. Appl. Environ.
Soil Sci. 2019:5701278, 2019. DOI: https://doi.
org/10.1155/2019/5701278.

Ott, D.; Digel, C.; Klarner, B.; Maraun, M.; Pollierer,
Melanie; Rall, B. C. et al. Litter elemental
stoichiometry and biomass densities of forest soil
invertebrates. Oikos. 123 (10):1212-1223, 2014.
DOI: https://doi.org/10.1111/0ik.01670.

Panklang, P.; Thaler, P.; Thoumazeau, A.; Chiarawipa,
R.; Sdoodee, S. & Brauman, A. How 75 years
of rubber monocropping affects soil fauna
and nematodes as the bioindicators for soil
biodiversity quality index. Acta Agric. Scand. B
Soil Plant Sci. 72 (1):612-622, 2022. DOI: https://
doi.org/10.1080/09064710.2022.2034930.



Pastos y Forrajes, Vol. 46, 2023

Relationship of edaphic biota with soil physical and chemical properties in five pasturelands

Pey, B.; Tran, Cécile; Cruz, P; Hedde, M.; Jouany,
Claire; Laplanche, C. et al. Nutritive value and
physical and chemical deterrents of forage grass
litter explain feeding performances of two soil
macrodetritivores. Appl. Soil Ecol. 133:81-88, 2019.
DOIL: https://doi.org/10.1016/j.aps0il.2018.09.006.

Pollierer, Melanie M.; Klarner, B.; Ott, D.; Digel,
C.; Ehnes, Roswitha B.; Eitzinger, B. er al.
Diversity and functional structure of soil animal
communities suggest soil animal food webs to
be buffered against changes in forest land use.
Oecologia. 196 (1):195-209, 2021. DOL: https://
doi.org/10.1007/s00442-021-04910-1.

Ramirez-Barajas, P. J.; Santos-Chable, Bella E.;
Casanova-Lugo, F.; Lara-Pérez, L. A.; Tucuch-
Haas, J. I.; Escobedo-Cabrera, A. et al. Diversidad
de macro-invertebrados en sistemas silvopastoriles
del sur de Quintana Roo, México. Rev. biol.
trop. 67 (6):1383-1393, 2019. DOIL: http://dx.doi.
org/10.15517/tbtv67i6.36944.

Rodriguez, Maria P.; Dominguez, Anahi; Moreira-
Ferroni, Melisa; Wall, L. G. & Bedano, J. C. The
diversificationand intensification of crop rotations
under no-till promote earthworm abundance and
biomass. Agronomy. 10 (7):919-1015, 2020. DOI:
https://doi.org/10.3390/agronomy10070919.

Rodriguez-Suérez, L.; Cuaran-Pinto, Sandra P. &
Sudrez-Salazar, J. C. Soil macrofauna and edaphic
properties in coffee production systems in southern
Colombia. FLORAM. 26 (3):¢20180334, 2019.
DOT: https://doi.org/10.1590/2179-8087.033418.

Rodriguez-Suarez, L.; Paladines-Josa, Yuli T,
Astudillo-Samboni, Erika J.; Lopez-Cifuentes,
Karla D.; Duran-Bautista, E. H. & Suarez-
Salazar, J. C. Soil macrofaunaunder different land
uses in the Colombian Amazon. Pesq. agropec.
bras. 53 (12):1383-1391, 2018. DOI: https:/doi.
org/10.1590/S0100-204X2018001200011.

Rosa, M. G. da; Klauberg-Filho, O.; Bartz, Marie L.
C.; Mafra, A. L.; Sousa, J. P. F. A. & Baretta, D.
Macrofauna edafica e atributos fisicos e quimi-
cos em sistemas de uso do solo no planalto cata-
rinense. R. Bras. Ci. Solo. 39:1544-1553. https://
www.scielo.br/j/rbes/a/vzngDFfmGS5dgT Ly wPc-
GVPkk/abstract/?lang=pt, 2015.

Sabatté, Maria L.; Massobrio, M. J.; Cassani, M. T.
& Momo, F. R. Macro and mesofauna soil food
webs in two temperate grasslands: responses to
forestation with Eucalyptus. Heliyon. 7 (1):¢05869,

2021. DOL: https://doi.org/10.1016/j.heliyon.2020.
e05869.

Siebert, Julia; Eisenhauer, N.; Poll, C.; Marhan, S.;
Bonkowski, M.; Hines, J. et al. Earthworms
modulate the effects of climate warming on the
taxon richness of soil meso- and macrofauna in
an agricultural system. Agric. Ecosyst. Environ.
278:72-80, 2019. DOI: https://doi.org/10.1016/].
agee.2019.03.004.

Singh, J.; Cameron, Erin; Reitz, T.; Schiadler, M. & Ei-
senhauer, N. Grassland management effects on
earthworm communities under ambient and future
climatic conditions. Eur. J. Soil Sci. 72 (1):343-355,
2021. DOI: https://doi.org/10.1111/ejss.12942.

Sofo, A.; Mininni, Alba N. & Ricciuti, Patrizia. Soil
macrofauna: A key factor for increasing soil fer-
tility and promoting sustainable soil use in fruit
orchard agrosystems. Agronomy. 10 (4):456, 2020.
DOIL: https://doi.org/10.3390/agronomy10040456.

Statsoft, Inc. Statistica for Windows (data analysis
software system), Version 8.0. Computer Program
Manual, Quick Reference. Tulsa, USA: Statsoft.
Inc, 2008.

t'Mannetje, L. & Haydok, K. P. The dry weight rank
method for the botanical analysis of pastures. Grass
Forage Sci. 18 (4):268-275, 1963. DOI: https:/doi.
org/10.1111/j.1365-2494.1963.tb00362..x.

Tanjung, D. R.; Alfian, A.; Winarno, J.; Retno, R,
Sumani, S.; Suntoro, S. et al. Relation of macrofauna
diversity and chemical soil properties in rice
field ecosystem, Dukuhseti district, Pati regency,
Indonesia. Afr. J. Agric. Res. 15 (2):240-247, 2020.
DOIT: https://doi.org/10.5897/AJAR2019.14219.

Tulande, E.; Barrera-Catano, J. I.; Alonso-Malaver, C. E.;
Basto, Sofia & Morantes-Ariza, C. Soil macrofauna
in areas with different ages after Pinus patula
clearcutting. Univ. Sci. 23 (3):383-417, 2018. DOI:
https:/doi.org/10.11144/Javeriana.SC23-3.smia.

Valkay-Halkova, Beata; Rudy, J. & Mocki, A.
Diversity and structure of litter-dwelling
macrofauna (Oniscidea and Diplopoda) in upland
forest fragments in the winter period. North-
West J. Zool. 18 (1):95-99. https://biozoojournals.
ro/nwjz/content/vl8nl/nwjz_e222302 Valkay
Halkova.pdf, 2022.

Zhukova, Y. O. & Mytiai, I. S. Spatial organization
of the soil macrofauna community in a
floodplain forest. IOP Conf. Ser.. Earth
Environ. Sci. 1049:012064, 2022. DOI: https:/doi.
org/10.1088/1755-1315/1049/1/012064.



