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ABSTRACT

Studies that allow the understanding of the nutrient cycling processes and maintenance
of soil fertility in the caatinga biome are necessary to assist in the proposal of possible
management forms, in view of the sustainability of this ecosystem, to provide data in an
area of knowledge the quantification of glomalin can be a good indicator of changes
caused by the use of the soil and, in turn, therefore, it can become a good indicator of its
recovery because it is correlated with important attributes of the soil. In addition to
providing data of this process for a better understanding of the soils of the country, a
study on this subject will also contribute with a new database for global monitoring.
Research that can follow the regeneration rate of Caatinga forests in the Semi-arid will
allow the development of models relating to several variables, not currently available
for the semi-arid tropical region.

Contribution/Originality: The caatinga biome has greater diversity than any biome in a semiarid climate.

However, much of this biome has been deforested, causing a loss of diversity and an increase in degraded areas. The

use of biological indicators sensitive to the changes that have occurred are essential to propose conservation

measures and adequate management of these areas.
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1. INTRODUCTION

The Caatinga is the most extensive biome in the Northeast of Brazil, occupying an area of 844,453 km? or 11%
of the national territory [1] a biome characterized by a marked water deficit, high insolation and
evapotranspiration rates, as well as reduced and variable precipitation, which ends up determining the distribution
of the species and the production of biomass. According to Albuquerque and Andrade [27] the Caatinga is linked to
the idea of unproductivity, and would be a smaller source of natural resources, this idea seems always related to the
arid and semi-arid areas of the world. The extension of the semi-arid region, defined based on climatic criteria, is
slightly superior to the area of the caatinga biome, covering 1.135 municipalities in nine NE states. The total area is
980,000 km? with a population of 23.8 million inhabitants, numbers that define the highest population density of all
the semiarid regions of the world (http://www.insa.gov.br/sigsab/basico). The agricultural establishments reach
the number of 1.7 million, with a rural population of 8.6 million. Average annual temperatures range from 24 to 26
°C, with monthly mean variation lower than 5 °C and daily variations between 5-10 °C. The average relative
humidity is 50% and the sunshine period reaches 2800hs<a™!. Potential evapotranspiration ranges from 1500-2000
mmye™-! 37 and this range of ETP is relatively stable throughout the semiarid region [47].

In relation to geology, Jacomine [57] divided the region into three areas according to the nature of the
originating material: areas of the lens, areas of the lens covered by more or less sandy materials, and sedimentary
areas. Four orders of soil (Latosols, 19%, Lithosolic, 19%, Argissolos, 15% and Luvisols, 18%), out of a total of
fifteen, occupy 66% of the area under caatinga, although they are spatially fractioned. More detailed descriptions of
various aspects of the biome and its area of coverage were published by Sampaio, et al. [67; Salcedo and Menezes
[77]. The relief of the semi-arid region is very variable, which contributes to the large number of large landscape
units. The average altitude is between 400 and 500 m, but can reach 1000 m. Around 37% of the area is of slopes
with 4 to 12% of slope and 20% of slopes have a slope of more than 12%, which determines a marked presence of
erosive processes in the anthropic areas [87]. The variety of landscapes and environments must be highlighted as
one of the most outstanding features of the region. The caatinga vegetation is distributed in 17 large landscape
units, in turn subdivided into 105 geoenvironmental units [97] of a total of 172 in the whole Northeast [107]. The
current situation is of deforestation of around 45% of the biome, the rest being in several successional stages, the
soils, in general, present with signs of degradation due to erosive processes, compaction and loss of fertility due to
anthropogenic action. As a result, several desertification nuclei have been identified in the region [117].

The change in soil use, converting natural ecosystems into agricultural systems, usually promotes the
reduction of Soil Organic Matter (SOM) contents due to the alteration of the biogeochemical cycles [127. For
Schumacher, et al. [137] litter production and the return of nutrients to forest ecosystems are the most important
route of the biogeochemical cycle (nutrient flow in the soil-plant-soil system). In addition to the effects on
productive properties, the change in land use intensifies the emission of greenhouse gases, mainly CO.. The velocity
of CO; production has been used to better understand the functions of the decomposing population and the
relationship with the environmental conditions [14, 157. In this sense, there is a growing demand for knowledge of
the CO. flows involved, and the information in this regard in the semi-arid region is very scarce [167]. Physical
attributes such as soil aggregation can be directly altered by their management or indirectly by biotic and abiotic
factors that affect their stability [177] some groups of microorganisms are related to the soil aggregation process,
Peng, et al. [187. In the present study, it was found that the presence of glomalin was associated with a high degree
of resistance to heat, insolubility and hydrophobicity. The presence of glomalin in soils is mainly due to its

association with carbon, contributing to the increase of its soil reservoir [197].

2. CHARACTERISTICS OF THE CAATINGA BIOME
The Caatinga, the only semi-arid ecoregion in the world, is probably the Brazilian biome most threatened and

transformed by human action [207. It occupies a significant portion of the national territory. The region of semiarid
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climate mostly presents the shallow and stony soil, although relatively fertile and with smooth undulating relief.
The aggressive aspect of the vegetation contrasts with the diversified coloring of the flowers in the rainy season.
The temperature is between 24 and 26 ° C and varies little during the year. The current situation is of deforestation
of around 45% of the biome, the rest being in several successional stages, the soils, in general, present with signs of
degradation due to erosive processes, compaction and loss of fertility. As a result, several desertification nuclei have
been identified in the region [117]. The change in soil use, converting natural ecosystems into agricultural systems,
usually promotes the reduction of Soil Organic Matter (MOS) contents, due to the alteration of the biogeochemical
cycles [127].

2.1. Climate

The Aw'i climate, according to the Koppen climate classification, is considered dry sub-humid. The rainy
season is situated between the months of February to July and rains annually, about 800 mm (1974-2004). The
average annual maximum temperature is 26 °C and the minimum temperature is 24 °C, varying little over the year.
Figure 1 shows the rainfall data from October 2017 to October 2018 at an experimental station in the Paraibana
caatinga drea, precipitation (quantity and intensity) was monitored by a meteorological station (model HOBO®

U30/NRC of Onset, Massachusetts, USA) installed in the area of the transect.
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Figure-1. Monthly precipitation for 1 year in Caatinga area in natural regeneration stage.
Source: Da Costa, et al. [217].

2.2. Soils of the Semi-Arid Region

Four orders of soil (Latosols, 19%, Lithosolic, 19%, Argissolos, 15% and Luvisols, 13%), out of a total of fifteen,
occupy 66% of the area under caatinga, although they are spatially fractioned. More detailed descriptions of various
aspects of the biome and its area of coverage were published by Salcedo and Sampaio [167; Sampaio, et al. [67;
Salcedo and Menezes [77]. The Neosols, a class that predominates in the semi-arid region, are potentially limited
soils because they are shallow and commonly stony and rocky. They present varying fertility, and erosion soil loss
is naturally very high, being aggravated when the original vegetation is removed and soil deterioration [227].

Soil degradation can occur due to loss of chemical quality characterized by the decrease of the original organic
matter contents and important mineral elements, to values below those considered critical for agricultural
productivity [237. The loss of physical quality may result from soil disintegration, surface compaction and
subsurface compaction processes [247] one of the factors that leads to this degradation is the misuse of these lands,
which suffer direct effect of the action anthropic [217 in a research developed in the area of littoral Neolithic under

caatinga vegetation in a state of regeneration at 30 years, found values that show that the soil of this area has been
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recovering its chemical and physical characteristics so that it can offer adequate conditions so that the vegetation

can develop in this environment more efficiently, increasing its resilience [257].

2.8. Production of litter

According to Soares, et al. [267] most of the nutrients absorbed by plants return to the soil by the fall of
senescent components of the aerial part and their subsequent decomposition. In forest ecosystems, mineral and
organic reserves accumulate in plant and animal biomass, litter and soil [277] and anthropogenic interventions
compromise the inflow and outflow of nutrients into the system. These organic fragments, when falling on the
ground, form a layer called litter, which includes leaves, stems, fruits, flowers.

The litter is particularly important because it acts on the soil surface as an input and output system, receiving
entrances through vegetation and, in turn, decomposing and supplying the soil and roots with nutrients and
organic matter, being essential in the restoration of fertility in areas at the beginning of ecological succession [287].
The litter deposition patterns introduce temporal and spatial heterogeneity in the environment, which can affect the
structure and dynamics of the plant community [29, 307]. The contribution of litter is a dynamic process of
evaluation of aerial biomass in forests, and the production of leaf material represents an important flow of nutrient
transfer to the forest soil [317]. The amount of organic material deposited on the soil over a year is mainly related to
the climatic conditions and the type of vegetation [327]. Given this context, we can see the multiple positive
functions that the litter provides for the ecological environment and, there is a dynamic in the biogeochemical
cycling for the different forest ecosystems, that provides improvement in the chemical and physical attributes of the
soil, however, it is believed that , among the different forest typologies, there are intrinsic abiotic factors influencing

the cycling process, configured through different behaviors of vegetable waste and nutrients.

2.4. Layer Decomposition and Nutrient Cycling

The decomposition of the organic residues that form the litter is the main process of nutrient cycling in a forest
ecosystem [337]. The study of mineral nutrient cycling via litter is of fundamental importance for the knowledge of
the structure and functioning of forest ecosystems. [347] describes that the quality of organic matter is of
fundamental importance for most of the functional processes that occur in the soil of forest ecosystems. The
nutrient cycling in forest ecosystems, planted or natural, has been extensively studied in order to obtain a better
knowledge of the nutrient dynamics in these environments, not only for understanding the functioning of
ecosystems, but also seeking information for the establishment of practices of forest management for the recovery of
degraded areas and to promote the preservation of vegetation. The litter deposition process, including the annual
rates of fall of the deciduous material, the decomposition process of this material and the nutrient dynamics in the
Caatinga area, should be widely studied, especially in semi-arid conditions, where there is a high occurrence of soils
with low levels of nutrients. Thus, in order to better understand the flow of input and output of nutrients in the

plant-soil system in the semi-arid region of Paraiba, so that conservation mitigation measures can be proposed.

2.5. Efflux of CO:

In addition to the effects on productive properties, the change in land use intensifies the emission of greenhouse
gases, mainly CO.. The velocity of CO. production has been used to better understand the functions of the
decomposing population and the relationship with the environmental conditions [14, 157. In this sense, there is a
growing demand for knowledge of the CO, flows involved, and the information in this regard in the semi-arid
region is very scarce [167]. CO; is today the main greenhouse gas and the constant increase of its concentration in
the atmosphere has been blamed as the main vector of climate change attributed to global warming [357. Emissions
from the soil surface are caused by root and mycorrhizal respiration (autotrophic respiration) and organic matter

decomposition (heterotrophic respiration) [367]. These emissions are linked to climate change, since both rainfall
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and temperature exert a strong control over biological activity. Other soil physical properties, such as aeration, also
influence CO, flow [877. Soil respiration is the main pathway in which C is released from the soil [387. Soil CO,
flow measurement can represent 60-90% of total ecosystem respiration, thus being the most widely used method to
estimate soil respiration rate in situ [397]. Therefore, the understanding and quantification of the CO, flux of the
soil is of great importance when it comes to studies of ecosystems, since it has a direct relation with the dynamics
and global balance of C. The CO, flux results from the biological activity in the soil and therefore has a strong
spatial and temporal dependence on soil moisture and temperature [40, 417].

There is a lack of in-situ data for the semi-arid region [167]. A first attempt to quantify the emission of in situ
CO. in a hypoxerophilic caatinga area was performed by Souza [427 using the static chamber with alkali trap
technique to capture the emitted CO,. This technique was recently evaluated by Araujo, et al. [437 and Ivo and
Salcedo [447] who quantified the CO; flow in the Cariri Paraibano area.

2.6. Production of Glomalin and Soil Aggregation

Soil aggregation can also be altered directly by its management or indirectly by biotic and abiotic factors that
affect its stability [17] and is therefore considered a physical indicator of soil quality. The aggregates make up the
soil structure and are important for the maintenance of porosity and consequently aeration, for plant and microbial
growth, water infiltration and control of erosive processes [45 . Some groups of microorganisms are related to the
processes of aggregation of soils. Among these microbial groups are arbuscular mycorrhizal fungi (AMF). Its
importance is due not only to the mechanical effect of hyphae but also to the production of a glycoprotein of a
hydrophobic nature called glomalin. In the present study, it was found that the presence of fungal hyphae was
associated with the presence of the fungal hyphae. The nature of glomalin (heat resistance, insolubility and
hydrophobicity) guarantees its cementing function, being usually used in aggregation studies due to the strong
correlation with the stability of aggregates [187. The presence of glomalin in soils is mainly due to its association
with carbon, contributing to the increase of its soil reservoir [197. Usually, this protein is separated into two
fractions: fraction 1, or easily extractable; and fraction 2, or total (extracted with difficulty) [467. The first fraction
would have reference to the recently produced glomalina by the fungi, while the second would be the result of the
accumulation of the first one over time, more recalcitrant, and would suffer actions of weathering [46-487.

The quantification of glomalin can be a good indicator of changes caused by land use and, therefore, can become

a good indicator of its recovery because it is correlated with important soil attributes [49-517.

3. CONCLUSIONS

Studies that make possible the understanding of the processes of nutrient cycling and maintenance of soil
fertility in the caatinga biome are necessary to assist in the proposition of possible management forms, in view of
the sustainability of this ecosystem, providing data in an area of scientific knowledge that is directly related to the
issue of climate change, quantifying, in-situ, the flow of CO, from the soil, a gas relevant to the greenhouse effect.

The relevance of glomalin since it can be a good indicator of changes caused by land use and therefore, can be a
good indicator of its recovery because it is correlated with important attributes of the soil. The linkage of these data
to rainfall will allow the development of models related to both variables, which are not currently available for the

tropical semiarid region.
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