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RESUMO

A Cromatografia Circular de Pfeiffer é vista como uma ferramenta utilizada para separacao fisica
de misturas complexas com potencial para retratar de forma holistica os atributos bioldgicos do
solo, propiciando o monitoramento de manejos agroecoldgicos. Objetivou-se aqui avaliar a
qualidade do solo de um agroecossistema de base familiar no municipio de Boqueirdo — PB, no
intuito de orientar a tomada de decisGes no que diz respeito aos manejos empregados. O
delineamento da pesquisa estéa de acordo com (Pfeiffer, 1980), e foi adaptada a 6ptica de condugao
para o campesinato. As amostras de solo foram coletadas a profundidade de 0-20cm, com trado
holandés secas & sombra e triadas. Duas solugdes foram utilizadas em etapas distintas da
conducdo: dispersante (NaOH) e foto reativa (AgNO3). Foi utilizado papeis filtro JPLAB 15cm,
que foram preparados para produgdo dos cromatogramas. As amostras passaram por um processo
de agitacdo intercalado com periodo de repouso: 15min, 1h e 6h. Os resultados mostraram boas
revelagdes dos cromas, que permitiram inferir os principais indicadores de cada area. A partir das
interpretacGes que a cromatografia permite, verificou-se que o croma C apresenta os melhores
resultados em termos de salide do solo, uma vez que expressou alta atividade enzimatica. Por
outro lado, os cromas A e B ndo expressaram boas condicdes, evidenciando a necessidade de
alteraces no quadro de manejo.

Palavras-Chave: Saude do solo; Etnopedologia; Agroecossistemas.

ABSTRACT

Pfeiffer Circular Chromatography is seen as a tool used for physical separation of complex
mixtures with the potential to holistically portray the biological attributes of the soil, providing
the monitoring of agroecological managements. The objective here was to evaluate the soil quality
of a family-based agroecosystem in the municipality of Boqueirdo - PB, in order to guide
decision-making with regard to the managements used. The design of the research is in
accordance with (Pfeiffer, 1980), and has been adapted to the conduction optics for the peasantry.
Soil samples were collected at a depth of 0-20cm, with Dutch auger dried in the shade and
screened. Two solutions were used in different stages of conduction: dispersant (NaOH) and
photoreactive (AgNO3). JPLAB 15cm filter papers were used, which were prepared for the
production of chromatograms. The samples went through a stirring process interspersed with a
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rest period: 15min, 1h and 6h. The results showed good revelations of the chroma, which allowed
us to infer the main indicators of each area. From the interpretations that chromatography allows,
it was found that chroma C presents the best results in terms of soil health, since it expressed high
enzymatic activity. On the other hand, chroma A and B did not express good conditions,
evidencing the need for changes in the management condition.

Key words: Soil health; Ethnopedology; Agroecosystems.

INTRODUCTION

The experience accumulated from studies about the evaluation of soil quality has shown
the significant sensitivity of biological indicators to present differences between the
managements used in soils (AZ1Z; MAHMOOD; ISLAM, 2013; LIU et al., 2015; PAZ-
KAGAN et al., 2014; ROUSSEAU et al., 2013). According to Cardinale et al. (2012)
biological attributes of the soil indicate ecological processes that promote ecosystem
services. Its understanding depends on the integrated methodologies to evaluate, quantify,
and map the ecosystem services generated (PRADO et al., 2016).

In light of this, the monitoring of soil fertility can assist farmers in making decisions about
the management practices to be adopted. Thus, there is the important of simple and
accessible methods of soil analysis that assist farmers in soil monitoring and decision-
making on the management used (BEZERRA, 2018).

Studies developed in agricultural areas have evidenced CPP as a method capable of
expressing physical, chemical, and biological indicators of the soil, because of this, for
Feliciano (2018), Graciano et al. (2020) and Melo et al. (2019), CCP presents itself as an
efficient tool for analyzing soil quality. It is, therefore, a low-cost technology, easy to
replicate and accessible to farmers to assist in the monitoring of soil attributes resulting
from the managements used. Based on that, it is evidenced as an important instrument to
evaluate "soil health" (BEZERRA, 2018; FAGUNDES, 2013; RIVERA; PINHEIRO,
2011).

Through the CCP it is possible to obtain rapid guidance on soil quality (PFEIFFER,
1959). With the use of this tool, the final product is an image in a circular format in a
broad and multidimensional way that reveals the soil's physical, chemical, and biological
properties. The main characteristics presented in the image and that act as the basis for
the evaluation are: color, shape and harmony of them (PERUMAL; ANANTHI;
ARUNKUMAR, 2016; RIVERA; PINHEIRO, 2011). Socioeconomic characteristics of
the properties and their forms of use are also important factors to be considered in the
analysis of the results.

The Northeast region of Brazil stands out as one of the regions with the highest number
of family-based agricultural properties in the country (COELHO, 2010). A part of them
are users of agroecological management, aiming at the sustainability of the
agroecosystem and thereby reducing damage to the environment. In Paraiba, in turn,
agroecological management has been adopted in the various regions of the state, which
has resulted in better socioeconomic and environmental conditions on the properties
(ALVES; CANDIDO; CAROLINO, 2016). In view of this, it is necessary to continuous
monitoring these conditions, aiming at the effective application of agroecological
practices.
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Given the above, this research aimed to evaluate the soil quality of a family-based
agroecosystem in the municipality of Boqueirdo - PB, through Pfeiffer Chromatography,
in order to guide decision-making with regard to property management.

METHODOLOGY
Description of the study area

The research was developed in a family-based agroecosystem located in the municipality
of Boqueirdo, state of Paraiba, in the Borborema mesoregion and in the microregion of
Eastern Cariri (Fig. 1).
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Figure 1. Location of the municipality of Boqueirdo in the state of Paraiba
Source: Own authorship.

With a population of 16,888 inhabitants, the municipality in 2018 reached the PIB per
capita of R$ 11,674.69 (IBGE, 2011, 2020). However, the core of the economy of the
semi-arid zones is family farming, since this activity is based on popular knowledge and
techniques, contributing decisively to the reproduction of an expressive portion of the
local population. This research is fostered within the Rural Extension Center (NERA) and
the Technological VVocational Center (CVT).

Data collection

The collection of soil samples for Pfeiffer Chromatography were carried out on a rural
property: Sitio Rodeadouro; currently in agroecological transition in the municipality of
Boqueirdo-PB. Deformed samples were collected at a depth of 0-20 cm with the aid of
Dutch auger, properly identified and dried in the shade. The collection areas were defined
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as: Forest, Degraded Area, and Cultivated Area in the process of recovery after the
intervention of agroecological management.

Pfeiffer Chromatography

All the steps of conducting the technique and interpreting the chromatograms are in
accordance with Pfeiffer (1980), adapted by Rivera and Pinheiro (2011). However, the
methodology was modified thinking about the use of this tool by family farmers. To this
end, all the laboratory utensils seen in the methodological description of chromatography
were replaced by easily accessible materials, such as: Plastic pot lids or PET bottles, bottle
caps, wooden pestles, plastic sieves, for better accessibility for the farmer substituting
laboratory glassware.

Samples preparation

The soil samples were dried in the shade for a period that varies with the condition of the
soil (slightly humid soils: one to two days; more humid soils: one week). The samples
were sieved and macerated using a wooden pestle (rinsed dried at each maceration) until
they reached a powder consistency (talc). Then, they were properly sieved (using a 2mm
sieve) and weighed five grams (59) in disposable plastic cups for the addition of reagents

(Fig.2).

The reagents used in Pfeiffer Chromatography are: 1) dispersant: NaOH (Sodium
Hydroxide at a volume of 1%); and 2) photo reactive: AgNO3 (Silver Nitrate at volume
0.5%).

The first reagent was added to the plastic cup containing the heavy and sieved soil and to
solubilize/suspend the particles, the samples were shaken clockwise (six times) and
counterclockwise (six times) alternately (6x<—>6x), repeating this process six times at
three distinct moments, with an interval of 15 minutes and 1 hour. Subsequently the last
agitation carried out after a 1-hour rest, the samples should be left to stand for a minimum
interval of 6 hours.
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Figure 2: Preparation of soil samples.
Source: Rivera and Pinheiro (2011).

Filter papers preparation
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During the rest interval for 6 hours of the soil solution, it proceeded the chromas
preparation/impregnation. In the filter papers of the qualitative type of rapid filtration (JP
41, Black Belt, 15cm @, porosity 23um) 3 demarcations were made: Ocm, 4cm and 6cm
(from center to edge) with the aid of a needle. These marks are important for the control
of the chromatography in two steps.

Then capillaries were made, using the same paper, cut into 2cm x 2cm and inserted into
the middle marking of the filter paper. This apparatus was placed on a plastic cap
containing 3mL of solution 2, leaving only the capillary in contact with it (Fig.3). After
the solution rise by capillarity and reached the marking of 4cm, the apparatus was
disassembled and the filter papers were dried in the dark for three hours until the moment
of the second impregnation (DOMINGUES et al., 2018; RIVERA; PINHEIRO, 2011).
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Figure 3: Preparation of filter paper and impregnation with Silver Nitrate.
Source: Adapted from Rivera e Pinheiro (2011).

Chromatograms revelation

After the six-hour interval, was carefully removed, with a syringe, 3mL of the supernatant
of the solution with soil and placed in a plastic cap.

It was assembled a new apparatus with a clean capillary and the filter paper previously
impregnated with solution 2 and was placed over the cap allowing contact between the
solution and the capillary. After the supernatant reached the 6 cm mark on the filter paper
(Fig. 4) the apparatus was disassembled and the filter paper placed in indirect light for the
revelation of the chroma. This process can vary from 3 to 10 days, but on the first day it
is already possible to see the pattern of colors and shapes.

Figure 4. Development of the samples in the chromatograms.
Source: Adapted from Rivera e Pinheiro (2011).

Chromatograms interpretation

International Journal Semiarid Ano 4 Vol.4 ISSN: 2764-6203 p. 139 - 149, 2021




,International

% Journal Semiarid

All the patterns obtained in the chromatograms after finally revealed, consisted of four
characteristic zones of an ideal chromatogram (Fig. 5): ZC (Central Zone); ZM (Medial
or Internal Zone, also known as Mineral Zone), ZE (External Zone) and ZP (Peripheral
Zone) of which can be seen forms taken in rays whereby the displacement of particles
that culminate in channels (Fig. 6).

Ideal
Chromatogram

Connection between organic 2 s
and mineral environment 2

Figure 5: lllustration of an ideal chromatogram and its zones: (1) Central Zone, (2) Internal Zone, (3)
Intermediate Zone, (4) External Zone, (5) Peripheral Zone.
Source: Adapted from Rivera e Pinheiro (2011).
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Figure 6: Shapes taken through channels.
Source: Own authorship.

RESULTS AND DISCUSSION
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The Pfeiffer chromatography is characterized as a method of describing the soil quality,
because it allows identifying the performance of soil biology and its interaction with
physics, and the soil chemistry (structure and mineralization of MOS).

Thus, chromatography is evaluated by means of chemical, physical and biological
reactions, and may be related to the ecological aspects of the place (BEZERRA, 2018;
FELICIANO, 2018; PRADO et al., 2016).

Case: Rodeadouro Site

The chromatograms were organized under the optic of an unhealthy soil “A” for a soil
that is integrally healthy “C” (Fig. 7). Chromatogram A (forest) are areas that are usually
intended for grazing animals, which goes against the image of a preserved area that we
become aware of. Thus, the configuration of the patterns of colors and shapes (rings and
channels) are presented differently from the areas: cultivated, degraded, or defined in a
state of recovery.

Chroma A is presented in a homogeneous way that makes it impossible to identify the
other zones, this conformation is not seen in chromas B and C. The forest soil, had a little
dark color, a characteristic of soils with little availability of MO, and therefore, identified
as compacted, even though this effect is naturally occurring, can be intensified by the
action of animal foraging. Given the characterization of the place, the low availability of
oxygen and water does not favor many of the microbial processes important for soil
fertility.

A

Figure 7: Chromatograms of soil samples from the Rodeadouro site: A (forest); B (degraded
area); C (recovered cultivated area).
Source: Own authorship.

The dark color pattern of the central zone (ZC) is due to the reaction of the soil solution
+ NaOH with AgNOs that for Pinheiro, (2011), the organic and/or mineral substances
carried by NaOH (solution 1) undergo a rapid action with AgNO3 (solution 2), forming
AgOH (Silver Hydroxide) and later Ag-O (Silver Oxide). If the soil does not have aerobic
metabolism due to the low availability of electron acceptors, it will accumulate toxic
substances to the organisms present in the rhizosphere.
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If we identify such coloration in the ZC, it is due to the result of the lack of oxidation of
minerals, fermentative or respiratory action (BEZERRA, 2018; DOMINGUES et al.,
2018; FELICIANO, 2018; SIQUEIRA; MARQUES; FRANCO, 2017).

When compared, chroma A is showed distinct from chroma B and C (Fig. 7) given the
absence of the intermediate zone, as well as the almost imperceptible external zone, the
small channels in this zone do not integrate with the others of the chromatogram, denoting
in chroma A a homogeneous pattern highlighted by Rivera and Pinheiro (2011) as
indicative of the low vital quality of the soil.

Also in the extraction of the samples, when the 6 cm mark is reached by the displacement
of the Soil + NaOH solution, even if it is disassembled the apparatus in which the solution
is found, the discharge continues in detriment of the capillarity effect, so, the
displacement of the particles is not interrupted, and this effect continues to occur,
revealing itself on the filter paper the final zone of the chromatogram (external zone).

Chroma A, therefore, does not present a distinguishable pattern as in Fig. 5 in its external
zone, due to the inefficiency of microbial metabolism on organic matter in the soil. The
causes of this configuration, are related to the dynamics in which the area is placed, with
the Forest being an unpreserved area, separate to the management and used, almost
exclusively for grazing the animals of the property.

Such activity culminates in a decrease of the local vegetation, pressure from the animal's
paws that intensify the soil compaction process, and as a consequence there will be a
decrease in metabolic processes important for the decomposition of organic matter,
promoted by the aerobic metabolism of the soil microbiota. Therefore, if there is not
enough oxygen availability, it occurs a deflation of the macro/microbiota.

The ideal activity of microorganisms in the soil, argued by Siqueira, Marques and Franco
(2017) expresses complex substances of high molecular weight active in the soil that in
the chromatogram tend to reveal forms similar to: clouds; petals and waves that
characterize the Enzymatic Zone (ZE).

Bezerra (2018) explains that the configuration of this zone is due to the biological value
and nutritional reserves revealing the vitality of the soils. Chroma A, however, does not
have a similar characteristic that can infer the acuity of the forest area, and is therefore a
place of low vital quality.

The radial pattern of chroma B is also presented differently according to chromatograms
A and C (Fig. 7). The external zone which deals with the enzymatic condition, revealed
in the chromatogram a smooth edge, referring to low biological activity in the soil, in
contrast, it is possible to notice a heterogeneous pattern of the zones in the chromatogram
B.

Chromatogram B (Fig. 7) represents a soil sample collected below a mesquite plant
(Prosopis juliflora (Sw.) DC.). The soil presented characteristics similar to those seen in
the forest area, over the soil structure. The chroma showed a darker color pattern than
chroma A, due to the integration of organic matter, the incorporation occurs, possibly,
through the decomposing of the Algaroba leaves.
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Such indications may explain the radial pattern and heterogeneity of the zones.
Comparing chroma B with chroma A, it can be seen that the central zone of both
chromatograms is distinct, in color and size, this is a visual characteristic that can be
easily observed (Fig. 7A and Fig. 7B).

The recovering area (C) of the Sitio Rodeadouro, (integrated ecological cultivation area),
the following cultivars were identified: papaya, manioc, potatoes, among others planted
together.

The practice of intercropping is an agroecological strategy of soil management, due to the
intraspecific ecological relationship there will be a beneficiation of flora, and the soil
microfauna. In the chromatogram, we interpret this relationship by observing the
radiation (characteristics of the ramification) that occurs in the form of arrowhead and/or
"arrows" superimposed in a more or less noticeable way, which can be from the central
zone to the end of the chroma, which is colored with a golden-yellow tone and the more
diverse and harmoniously integrated with the other zones, the greater is the mineralogical
quality and soil life (BEZERRA, 2018; FELICIANO, 2018; RIVERA; PINHEIRO,
2011).

The Internal Zone of chroma C (Fig. 7C) is shown well integrated with the other zones,
starting from the central zone, to the external zone, being punctuated by Pinheiro (2011),
as the primary and secondary metabolism, due to the width and extension of the channels.
In this way, can be visualized tiny arrowheads that start from the central to the external
zone and are superimposed on each other (BEZERRA, 2018).

The conformation taken at the completion of the chromatogram (external and peripheral
zone) greatly explains the life of the soil, thus, the chroma C presents a good diversity of
shapes similar to explosions in clouds that reflects the high enzymatic activity of the
collected soil, which is still reinforced in the integrality of the zones in which the
conditions are revealed through the shapes and colors presented in the chromatographic
analysis.

FINAL REMARKS

It is concluded that area C presents the best results in terms of soil quality, since the
chroma analysis indicated high biological activity. At the same time, the reality observed
highlights the importance of agroecological management implemented in the area for the
maintenance of soil health.

On the other hand, chroma A and B did not present good conditions in soil health, which
demonstrates that the areas analyzed need changes in the management framework. For
that matter, the use of adequate management, aimed at soil conservation, can lead these
areas to experience better conditions. Finally, Pfeiffer Chromatography is considered a
holistic tool, easy to access and low cost, which becomes important for the autonomy of
the peasantry in monitoring the agricultural property.
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