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ABSTRACT

For any study of soils it is always necessary a previous profile description, in which one
observes their morphology and they are presented a series of estates that they are the result
of the soil and the antropogenic influence formation. Taking in consideration this premise,
it was carried out the soil profile description in a farm of Yaviza, Panama, and to
determine some of their physical, chemical and microbiological properties. The soil was
classified as Vertic Gleysol, due to the found diagnosis characteristics: gleyic properties
to less than 50 cm of depth and vertic properties, the soil have clayey texture, it was not
compacted and the content of organic matter and the organic carbon reserve of the soil
were low. The pH was acid in the whole profile, however, the effective capacity of

cationic exchange oscillated between high and half, with prevalence of the ions Ca?* and
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Mg?* and a high saturation percentage of bases. Except the relationship Ca/Mg that was
normal, the other ones internutrients relate were outside of range. Microelement
concentrations and changeable aluminum were low in the whole profile. When analyzing
the relative abundance of microorganisms it was found that the most abundant phylum
were Actinobacteria, Proteobacteria, Firmicutes and Acidobacteria, all of the domain
Bacteria and of the Kingdom Fungi the prevalence of the phylum Ascomycota was
observed, followed by Basidiomycota and Rozellomycota. It is necessary to correct the
imbalance between the nutrients and check the evolution of these estates during the
agricultural exploitation of the area in study.

Key words: Gleysol, morphological characteristics, fertility, soil microorganisms

INTRODUCTION

Soil is an important natural resource with great influence on the environment and the
economy. To a large extent, the survival and well-being of the present population and
future generations depend on it . Soil fertility is considered a determining factor in the
availability of nutrients for cultivated plants. It is difficult to understand the nutrition
physiology of economic crops without an adequate study of indicators that shape the
fertility and nature of soils, especially in tropical regions @.

However, in soil fertility studies it is indispensable to include analyses related to soil
biology because most of the nutrient transformations in the soil are carried out by soil
microorganisms. In this regard, several studies have established the importance of soil
microbiota and their interactions for nutrient mineralization and plant nutrition ).

For any soil study, a previous description of the soil as such is always necessary. On the
one hand, it is the first contact with soils that may exist in the study region and, on the
other hand, the soil profile is manifested through its morphology, which presents a series
of properties that are the result of soil formation and anthropogenic influence, if any .
The initial analysis of the physical, chemical and biological properties of a soil is an
indispensable step to proceed to a sustainable agricultural management, taking into
consideration limiting factors and propitiating a management that preserves, improves
and increases both soil properties and agricultural productions without affecting the
environment.

Taking into consideration the importance of describing and characterizing any soil with

an agricultural use, the present research was carried out with the objective of describing
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a soil profile and determining some of its physical, chemical and microbiological

properties.

MATERIALS AND METHODS

For the characterization of some physical, chemical and microbiological properties, a soil
was selected from the "ElI Mamey" farm, located 800 m south of the Pan-American
Highway, in Yaviza town, Pinogama district, Darien province, Republic of Panama.
This soil was covered with natural grasses, was subjected to fire and was under
agricultural tillage for subsequent planting of annual crops.
A visual examination of the soil was made and with the help of shovels, a test pit was
opened, approximately in the soil center and in the middle part of the slope.
The dimensions of the trench were 1 m by 1 m in length and width and 1.12 m depth.
Once the opening was made, the soil was described *) and colors were established
according to the Munsell Table ©. Soil classification was carried out following the Cuban
Soil Classification 2015 ©, the World Reference Base () and the Soil Taxonomy ©.
Subsequently, samples were taken in triplicate at the profile depth to determine the natural
humidity, by the gravimetric method and bulk density, by the method of cutting cylinders
®, Triplicate samples of approximately 500 g were also taken from each horizon and
taken to Instituto de Investigaciones Agropecuarias de Panama (Panama Agricultural
Research Institute) (IDIAP) for analysis of some physical and chemical properties.
The results were evaluated according to the analytical methods used.
Variables evaluated and the determination methods used at IDIAP were: texture, by the
Bouyoucos method, pH in water in a 1:2.5 ratio by potentiometry. The percentages of C
and organic matter (OM) were determined by Walkley-Black. The N content was
calculated by multiplying the percentage of OM by 0.05. Soil organic carbon stocks were
calculated by the following equation @)

SO0C =0C XDaxm
where:
SOC-= total soil organic carbon per surface area (Mg C ha?)
OC-= total organic carbon (%)
Da = bulk density (Mg m™)
m = soil depth (cm)
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P, K, Mn, Fe, Zn and Cu were extracted using Mehlich-1 extractant solution and
determined by atomic absorption. For the Ca, Mg and Al extraction, 1N potassium
chloride was used, Ca and Mg were determined by atomic absorption and Al by titration
with 0.01 N NaOH ).

The internutrient ratios were established by calculation from contents of these nutrients
in the soil solution. The saturation percentage by bases was calculated from the Base
Exchange Capacity divided by the Cationic Exchange Capacity and multiplied by 100.
The effective Cationic Exchange Capacity (CECe) was calculated from the sum of the
cations and the exchangeable acidity. The percentage of aluminum saturation was
calculated from the aluminum in the soil divided by the CECe *2)

For the microbiological analysis of the soil, a simple random sampling was carried out
throughout the field, taking 14 samples, each consisting of five subsamples, at 0-20 cm
depth. After the corresponding identification, they were frozen at -18 °C and then
transferred in a portable cooler for processing at the Institute of Scientific Research and
High Technology Services (INDICASAT).

Total genomic DNA (gDNA) extraction from soil samples was performed using the
DNeasy PowerSoil Pro reagent kit (QIAGEN, Hilden, Germany), following the
manufacturer's protocol. For DNA library construction, two different types of
amplifications were performed for each sample using two primer combinations, one for
bacteria and archaea and one for fungi. In all cases, PCR (Polymerase Chain Reaction)
was performed in triplicate in a thermal cycler.

For the study of bacteria and archaea present in the soil, primers 515F
(GTGCCAGCMGCCGCGGTAA) and 806R (GGACTACHVGGGGGTWTCTAAT),
which amplify the V4 region of the 16S ribosomal DNA, were used. While for the study
of fungal communities, primers ITS1F (CTTGGTCTCATTTAGAGGAAGTAA) and
ITSAA (CGCCGTTACTGGGGGGGGCAATCCCTG) that amplify the ITS (Internal
Transcribed Spacers) region of ribosomal DNA were used. The primers contained
adapters for the Illumina MiSeq sequencing platform @2,

Both PCRs were run under the following conditions: 3 min at 94 °C, 35 cycles of 45 s at
94 °C, 1 min at 50 °C, and 90 s at 72 °C, followed by a final elongation of 10 min at
72 °C. In all cases reaction mixtures contained 1x PCR Buffer, 700 uM of MgCI2,
400 uM of each dNTP, 500 uM of primers, 0.45x Q solution, 2U of tag DNA polymerase
(QIAGEN) and 10-30 ng gDNA in 25uL. PCR products were visualized by
electrophoresis on agarose gels (1.5 %) using RedGel as developer and 1x TAE run buffer

(Tris 40 mmol L™ (pH 7.8), acetic acid and EDTA) was used. The runs were performed
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at 80 volts for 40 minutes in horizontal electrophoresis equipment. To corroborate the
presence of the correct amplicons, the 1kb plus DNA Ladder molecular weight marker
(Invitrogen) was used.

Subsequently, a second PCR was performed in all cases to add indices (SA5F and SA7R)
to the sequences . The conditions used were: 3 min at 94 °C, 6 cycles of 45 s at 94 °C,
1 min at 50 °C and 90 s at 72 °C, followed by a final elongation of 10 min at 72 °C.
The reaction mixtures contained 1x PCR Buffer, 1.5 mM MgCI2, 800 uM of each dNTP,
200 nM of the indels, 1.25 U of taqg DNA polymerase (QIAGEN) and 2 pL of the PCR1
pool in 25 pL. Once the presence of the correct amplicons was verified by performing
electrophoresis as previously described, the DNA library was purified using the
SequalPrep™ Normalization Plate reagent set according to the manufacturer's
instructions. DNA concentration was quantified using the Qubit® dsDNA BR Assay
reagent set (Life Technologies), obtaining a concentration of approximately 10 ng/ul.
A Bioanalyzer (Agilent 2100 Bioanalyzer) was used to determine the size, purity and
concentration of the library obtained. Finally, the samples were mixed in equimolar
amounts and sequenced on the lllumina MiSeq platform @2,

The sequences obtained were subjected to bioinformatic analysis as previously described ¢,
for which a similarity of 97 % was defined and the QIIME package was used.
The OTUs (operational taxonomic units) were assigned a taxonomic identity by confronting
representative sequences of each against the NCBI (National Center for Biotechnology
Information of the United States) database using BLAST. The identities obtained were used to

determine the distribution of sequences among the major bacterial, archaeal and fungal phyla.

RESULTS AND DISCUSSION

Soil profile description
Classification
Cuba: Vertic, chromic gleysol without carbonates ©. WRB 2014: Vertic, eutrophic
Gleysol ™. Soil Taxonomy: Vertic Endoaquept ®
Diagnoses
Diagnostic horizon: Vertic horizon. Diagnostic characteristics: Gleyic properties at less
than 50 cm depth and vertic properties.

Location


http://ediciones.inca.edu.cu/

Aquile Alvarez-Gonzalez, Gloria M. Martin-Alonso, Luis C. Mejia-Franco, Evangelina Lopez-Vdovenko y Yakelin Rodriguez-Yon

Location: In Yaviza, south of the Pan-American Highway. Municipality: Pinogana.
Province: Darien. Country: Panama
Height (m a.s.l.): 31 m. Geographical coordinates: Lat N 8,203 Long W -77,74

Formation factors

1. Landform: hilly

1.1 Physiographic position of the site (position within the relief): mid-slope
1.2 Topography of the surrounding terrain (within 1 km of the test site): hilly
2. Slope where profile is taken: =7°

3. Vegetation or land use: in preparation (tillage), formerly natural pasture
(Paspalum virgatum L.) that was burned with fire

4. Climate: Tropical sub-humid (Aw)

5. Source material: Sedimentary

6. Time: Quaternary

7. Internal drainage: poor

8. Surface drainage: regular

Table 1. Description of the soil profile and identified horizons

Horizon Depth (cm) Description
Aa(v) 0-22 Clay texture, color 2,5Y5/1 gray yellowish, consistent blocks prismatic
structure, wet. With slicken sides. Abundant roots. Without stones and other
inclusions. With ants and small spiders. No acid reaction. Gradual transition.
Presence of cracks that extend in the depth of the other horizons

Az(v) 22-36 Clay texture, color 2,5Y5/1 gray yellowish, consistent blocks prismatic
structure, wet. With slicken sides. Abundant roots and ants. No acid reaction.
Abrupt transition

Ci9 36-59 Clay texture, color 2,5Y7/6 yellowish, consistent and massive polyedric

structure, wet. With slicken sides. Presence of fine roots, color stains 2,5Y7/1
light gray. No acid reaction. Gradual transition.

Czg 59-112 Clay texture, color 5Y7/6 yellow, big, consistent and massive polyedric
structure, wet. Presence of some fine roots, color stains N7/0 white grayish.
No acid reaction.

The predominant clay type, identified by visual observation, is the 2:1, montmorillonite
group. The characteristics that allowed identifying the presence of the clay were the block
structure ), the high moisture retention, the high plasticity, the presence of sliding faces and
the presence of cracks throughout the soil, product of the shrinkage that naturally occurs in
these clays in the low rainfall period ®°. This type of clay has a high humidity retention,

which is manifested by the gleyic properties detected at a depth of less than 50 cm,
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so that poor internal drainage and high humidity retention can be considered as possible

limiting factors for production.

Study of some physical and chemical properties
Table 2 shows the main analytical results of the soil profile. When analyzing the
mechanical composition, an increase in clay content was observed with the depth of the

profile, moving the textural classification from clay loam to clayey.

Table 2. Some physical properties, mechanical composition, organic matter and soil organic

carbon stocks of the four horizons identified in the profile

Horizon/ Sand  Loam Clay Textural NH Da oM N C SOC
Depth (%) classification (%) (Mgkg®) (%) (Mg C ha't)
A1(v)/((§:-r;% 36 28 36 Clay-loam 34.35 0.90 1.14 0.06 0.66 13.14
Ax(v)/22-36 32 24 44 Clay 37.22 1.12 021 001 012 1.92
C10/36-59 20 24 56 Clay 43.69 0.98 0.04 0.00 0.02 0.52

C20/59-112 8 20 72 Clay 38.35 1.01 0.00

NH: natural humidity. Da: soil density. OM: soil organic matter. SOC: soil organic carbon reserve

With regard to this result, during the gleyzation process there is a very strong change in
the composition and properties of the mineral part of the soil, because it is affected by
different complex transformations, the destruction of primary and secondary minerals
takes place and at the same time the synthesis of secondary minerals of neoformation
(clays) occurs; that is, during the process of gleyzation, there is formation of clays;
therefore, in most cases, the gleyzed horizon has a more clayey mechanical composition
than those that are not 9

The natural humidity ranged between 34 and 43 %, which is an adequate range, if it is
taken into account that the samplings were made at the end of the low rainfall period.
This high humidity is in correspondence with the type of soil (vertic Gleysol), with the
presence of clays of the montmorillonite group, with high humidity retention @4,

The bulk density was low throughout the profile, so it can be assumed that the soil was
not compacted. This result corresponds to the presence of natural grasses. The quantity
of roots of plants such as Paspalum virgatum and the depth to which they reach during
their growth cause good soil aggregation, porosity and low bulk density, which creates
excellent physical conditions for crop development 7). Bulk density and root growth have

a high and positive correlation t®); that is, with a low bulk density there is no impediment
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to root growth in the profile, an aspect that was observed in the description of this soil
profile, in which the presence of roots was found even at the greatest depth (59-112 cm).
In addition, soils with vegetation cover or those that have not been subjected to high
tillage pressures have low bulk density or bulk density values @9,

Organic matter values and C and N percentages were low throughout the profile.
The percentage of C in the first horizon is lower than previously reported %, below which
the soil is considered to be degraded. It is possible that these low values are due to the
fact that prior to sampling, the site was burned with fire and later plowing was started to
carry out soil tillage and it has been shown that conventional burning and plowing of the
soil with prism inversion tends to decrease organic matter contents and carbon stocks in
the profile 9

Fire changes the dynamics of the C cycle in the soil, altering physical, chemical and
biological properties, thus reducing the content and composition of organic matter and
the availability of N and P, at least in the first months after the fire 9,

Table 3 shows the chemical variables evaluated in the soil profile. The pH was classified
as acid throughout the profile, except in the 22-36 cm depth, which was classified as
slightly acidic. Ca and Mg contents were high throughout the depth, while P was low.
However, K was medium at the 0-22 cm and 36-59 cm depths, while it was low at the
others. Saturation percentage by bases was high throughout the profile and the effective
cation exchange capacity was high at the depths of 0-22 cm and 59-112 cm and medium
at the remaining depths.

Table 3. Main chemical properties of four horizons identified in the profile

Horizon/Depth pH Ca Mg K P Base saturation CECe

(cm) (H20) (cmolc kg (mg L) (%) (cmolc kg™
Aa(v)/0-22 5.90 34.00 6.50 61.30 1.00 99.75 40.76
Az(v)/22-36 6.30 27.90 7.40 38.20 1.00 99.72 35.50
C10/36-59 5.40 22.40 9.50 46.60 0.00 92.49 34.62
C20/59-112 5.80 3720 1720 30.60 0.00 98.73 55.18

CECe: Effective Cationic Exchangeable Capacity

It is noteworthy that the pH values were in the acceptable range for most crops (between
5.6 and 8.4). In this context, the evaluation of soil pH is usually crucial, since it is
associated with the availability of nutrients for plants and aluminum toxicity in the soil
solution . In other soil characterization studies, it has been suggested that acid soils
have medium to low exchangeable base contents, low usable P, medium to high Al

saturation and medium CEC, and generally have limited solubility of Ca, Mg and K (®);
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however, this behavior did not occur at "El Mamey" farm. It is possible that the high
availability of Ca and Mg is due to the formation processes and factors that have affected
this area. It is known that 2:1 clays, montmorillonite group, produce high cation exchange
capacity, which is in agreement with the results of the chemical analysis made for this
soil, showing a high content of exchangeable cations and, in addition, the percentage of
saturation by bases is high (52%22),

Table 4 shows the internutrient ratios calculated for different horizons identified in the
soil profile. The Ca/Mg ratio was normal at all depths; however, the Ca/K; (Ca+Mg)/K;
K/Mg and Mg/K ratios were out of range. The K/CECe ratio was low, but the Mg/CECe
and Ca/CECe ratios were high. This means that, although Ca and Mg uptake by plants in
this soil should be adequate, these elements should be blocking K uptake and, in turn, the

latter element should not be predominant in the soil solution.

Table 4. Internutrient associations of the four horizons identified in the profile

Horizon/ Ca/Mg Ca/K (CatMg)/K  K/Mg Mg/K K/CECe Mg/CECe Ca/CECe
Depth (cm)
Aa(v)/0-22 5.23 216.56 257.96 0.02 41.40 0.39 15.95 83.42
Az(v)/22-36 3.77 284.69 360.20 0.01 75.51 0.28 20.85 78.60
C10/36-59 2.36 188.24 268.07 0.01 79.83 0.34 27.44 64.70
C20/59-112 2.16 476.92 679.44 0.00 220.51 0.14 31.17 67.42

CECe: Effective Cationic Exchangeable Capacity

This behavior indicates that the internutrient equilibrium law is not being complied with
in the soil and that it is necessary to correct this imbalance if adequate plant nutrition is
to be achieved. In addition, the predominance of Ca?* and Mg ?* cations in the exchange
complex is evident, which is common in soils with montmorillonite clay ¢*23).

Table 5 presents the concentration of microelements and exchangeable Al present in the
soil profile. Mn and Zn concentrations were medium in the first horizon and low in the
rest. Fe was low in the whole horizon and Cu low in the first depth and medium in the
rest. The exchangeable Al content was low from 0 to 36 cm depth, high from 36 to 59 cm

and medium from 59 to 112 cm. Al saturation was low throughout the profile.
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Table 5. Micronutrients and exchangeable aluminum concentration from the four identified horizons

Horizon/Depth Mn Fe Zn Cu Al Al saturation
(cm) (mg L) (cmolc kg™ (%)
Au1(v)/0-22 37.20 14.20 7.00 1.90 0.10 0.25
Az(v)/22-36 7.70 7.80 1.70 2.10 0.10 0.28
C10/36-59 7.50 11.40 1.20 3.20 2.60 7.51
C20/59-112 6.70 13.40 1.00 2.70 0.70 1.27

It is important to point out that the natural concentrations of microelements in the soil
depend fundamentally on the source material, the formation processes and the
composition and proportion of the components in the solid phase. Other factors are the
percentage and type of clay, organic matter content and physicochemical properties ¢4,
Coinciding with these authors, it has been suggested that in soils with high cation
exchange capacity and with the presence of clays of the montmorillonite group,
the amount of Fe, Zn and Cu microelements that may be present in soil is greater 4,

In addition, pH has been one of the most studied soil properties in relation to the
availability of microelements, and it has been found that concentrations increase as pH
becomes more acidic ?32%. Another factor that could have influenced in finding these
levels of microelements was the burning of the soil before taking the soil samples, since
it has been demonstrated that fire increases the availability of micronutrients in soil @9,
In spite of the above, it can be considered that the concentrations of microelements and
Al found in the soil do not represent phytotoxicity levels for crops to be established;
nevertheless, it is necessary to keep monitoring them, taking care that their concentrations

do not increase to levels above those permissible at an international level.

Microbiological properties
Figure 1 shows the relative abundance of phyla of Bacteria and Archaea found in the soil
of the "EI Mamey" farm. The most abundant were the phyla Actinobacteria,
Proteobacteria, Firmicutes and Acidobacteria, all from the Bacteria domain. The other

phyla found in the Bacteria and Archaea domains presented a lower relative abundance.
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Figure 1. Relative abundance of Bacterial and Archaeal phyla at EI Mamey farm
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Figure 2 shows the relative abundance of fungal phyla found in the first 20 cm of the soil
of the farm under study. In all samples, the predominance of the phylum Ascomycota was
observed, followed by Basidiomycota and Rozellomycota.

Although metagenomic studies reveal the enormous diversity of microorganisms in the
soil and the heterogeneity of their distribution, most of the sequences found belong to a
few dominant phyla, and a large number of phyla were found with very low numbers of
sequences, whether from the Bacterial and Archaeal domains or the Fungal Kingdom.
It is also noteworthy the great diversity of phyla of Bacteria compared to that of fungi and

the low relative abundance of the phylum Glomeromycota.
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Figure 2. Relative abundance of fungal phyla in the soil (0-20 cm) of "El Mamey" farm

In particular, the primers used to study bacteria and archaea were designed and used
satisfactorily for work carried out with samples from different sources, such as feces, soil,
water, marine sediment, among others, in which the presence of a high diversity was
found, as well as of orders and genera of the groups investigated 329),

On the other hand, the analysis of fungal populations present in soils is more complicated.
Several studies have reported differences in the results regarding the proportion of the
different fungal groups, at the phylum, order, genus and species level, depending on the
use of different primer combinations and even the region sequenced 739,

In fact, it has been pointed out that the primer used here for its study ITS4A preferentially
amplifies ascomycetes %2 which is in agreement with results, being the most abundant

group. Another example is the study carried out in olive tree (Olea europeae L.) farms
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with the use of primers that amplify Glomeromycota fungi, where, contradictorily, 89.8 %
of sequences belonging to organisms of a non-fungal nature were reported 3,
Regarding the variations of microorganism populations among samples, these depend
directly on the availability of nutrients in the soil, which they use as substrate, and this
availability is not usually uniform in space and time. Plant diversity increases the
taxonomic and functional diversity of the soil microorganism community. This is because
different plants generate different organic residues, resulting in a diversified food base
(34). In this case, although the soil was previously covered with a grass species, this was
not the only plant present on the site prior to the fire and subsequent land preparation.

In relation to this management type, fire before land preparation, other authors have
already pointed out that fire has a direct and indirect influence, in the short and long term,
on the biomass of soil microorganisms and their ecosystem services. The direct effect is
due to the fact that high temperatures cause mortality and the indirect effects are related
to changes in soil properties: substrate quality, nutrient concentration and soil humidity.
Regarding fungal populations, fire stimulates phylum fungi populations of the
Ascomycota and decreases the richness of AMF species by up to 14 % @9,

It is necessary to point out that relative abundance is a category of species diversity and
intends to include species richness and the uniformity of their distribution in a simple
expression and that the greater abundance of morphotypes and genera corresponds to
studies carried out in natural ecosystems, which indicates greater diversity of
microorganisms in comparison with agroecosystems ¢43%),

In this regard, the microbial communities of protected forests are different from the
patches of forest adjacent to productive fields, and these microbiomes are modified over
the years of agricultural use. This modification does not occur at the loss diversity level ,
but through the modification of the relative abundances of several microbial groups,
especially the less numerous ones ©.

However, despite the amount of information generated by massive DNA sequencing
methodologies, to understand the functioning and dynamics of microbial systems, the
new techniques must be complemented with other more traditional physicochemical
determinations and with microbiological techniques that serve to evaluate functional
changes to understand the behavior of the microbial community in relation to the biotic

and abiotic factors of its environment @,
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CONCLUSIONS

o The results indicate that it is a conserved soil, in which main limitations for its
agricultural use are the high humidity retention, the low organic matter content and
the imbalance in almost all the internutrient ratios evaluated.

o It is possible to proceed with agricultural work, as long as the necessary corrections
are made to achieve adequate plant nutrition.

o It is necessary to continue checking properties studied over time, since the
maintenance of the physical, chemical and biological properties of a soil are
relevant aspects to avoid its degradation and erosion, when it is transformed from

an area under pasture to an area destined for agricultural crops.
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