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ABSTRACT

The different soil management systems, such as no-
tillage and conventional planting, as well as crop
rotation and succession, promote changes in the soil,
altering factors such as the availability of water,
oxygen and substrate, directly affecting the soil
microbiota. The objective was to evaluate the effects
of the management of intercropping systems with the
presence of the legume gliricidia, without gliricidia
and native vegetation on soil microbiological
attributes. An experiment was carried out under field
conditions, in an area of organic management of land
use, cultivated with legume gliricidia, fruit trees and
forest essence. The design used was in randomized
blocks, in which ten soil samples were collected in
triplicate at two depths (0-10 and 10-20 cm). The
samples were homogenized and sieved in sieves,
placed in properly identified plastic bags and
subsequent analysis of the microbial attributes
(microbial biomass carbon-Cmic, microbial biomass
nitrogen-Nmic, metabolic quotient-gCO2 and basal
respiration (RBS). that the cultivation systems caused
significant alterations in the microbiological attributes
of the soil when compared with the native vegetation.
of the native vegetation, while the values of Cmic,
RBS and qCO2 did not differentiate.These results
confirm that the intercropping systems with the
presence of gliricidia was equal to the native forest, in
providing favorable conditions for the mineralization
of organic matter by the soil microbiota.
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1 INTRODUCTION

Soil is a living and dynamic natural resource that enables and sustains the production of food and
fiber, regulating the global balance of the ecosystem, which is closely linked to the particularities and
processes that occur in the atmosphere, hydrosphere, lithosphere and biosphere (Silva & Mendonca, 2007),
fundamental for agricultural production. Among all the resources natural resources, the soil is a non-
renewable resource on a human scale and has been suffering in recent years several degrading processes,
making it necessary to adhere to agricultural practices, such as prevention for degradation not to affect new
areas and that Keep capacity productive of same (Cavalcante et al., 2012).

Soil quality is defined as its ability to sustain and maintain biological productivity within the
ecosystem, maintaining environmental quality and promoting the health of the plants and animals
encompassed therein, and it can be evaluated using physical, chemical and biological indicators (Leal et al.,
2021). Soil quality is a property of sustainability of cultures, also influencing the health of plants, animals
and consequently in human beings (Melo et al., 2017). Soil is a naturally diverse habitat, with highly complex
biological communities in which are different forms of microorganisms, both eukaryotes and prokaryotes,
that interact in an environment dynamic and in state of balance (Carrer Filho, 2002).

The living microbial components of the soil are also called microbial biomass and bacteria and fungi
account for about 90% of soil microbial activity (Andreola & Fernandes, 2007). The soil has an immense
diversity of the microbiota, being the main activities of the organisms the decomposition of the OM,
production of humus, nutrient and energy cycling (including atmospheric nitrogen fixation), production of
complex compounds that contribute to soil aggregation, decomposition of xenobiotics and biological control
of pests and diseases (Moreira & Siqueira, 2006). The population of microorganisms in the soil is a
component of paramount importance in the transformations of matter organic of ground, then Those use
Those materials as source in energy and nutrients for The formation and Ocellular development, thus causing
temporary immobilization of carbon, nitrogen, calcium, magnesia phosphor, sulfur and micronutrients, you
which after The death From microorganisms, will be made available for at plants.

Soil organic matter represents the main source of energy for microorganisms and nutrients for plants.
plants, and their changes can indicate the degree of preservation or imbalance of natural ecosystems. In this
context, the sensitivity of chemical indicators may not be sufficient to indicate changes that have occurred
with the material organic of ground, for the replacement gives forest per activities agrosilvopastoral, having
The need in select indicators, as you biological, what be sensitive The small changes at the system soil-plant,
with that you microorganisms can be used as sensitive indicators of soil quality. Some of the main indicators
soil quality microbiological factors are the biodiversity of microorganisms, the microbial biomass (BMS) the
respiration basal it's the metabolic quotient (Aradjo & Monteiro, 2007).

However, in isolation, the microbial biomass (BMS) little reflects changes in soil quality, despite to
be an indicator of anthropic interventions (Brookes, 1995). However, BMS associated with organic matter

content can be used as indices to compare soil quality under different managements. Although, BMS's answer
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is faster, if compared to the content of organic matter (Jenkinson & Ladd, 1981). These authors suggest that
the changes in BMS content long-term predict soil organic matter content. The microorganisms decompose
organic matter, release nutrients in forms available to plants, and degrade toxic substances (Kennedy &
Doran, 2002).

Green manures perform important actions in the soil such as: protection from the impact of rains and
also against moisture loss; disruption of densified and compacted layers over time; increase in the content of
mattersoil organic; increase in the capacity of infiltration and retention of water in the soil; Decreased Al and
Mn toxicity due to complexification and pH elevation; promoting the rescue and recycling of easily leached
nutrients, extraction and mobilization of nutrients from deeper soil and subsoil layers, such as Ca, Mg, K, P
and micronutrients; extraction of phosphor fixed; fixation of No atmospheric in manner symbiotic by
legumes; inhibition gives germination and of plant growth invasive, whether by effects allelopathic, whether
by the simple competition per light (Silva et al., 2020)

Thus, green manure has several beneficial functions for the soil, with an increase in biological
diversity in the soil. production unit provides changes in the dynamics of invasive species, in the population
dynamics of insects, pests, predators and pollinators. In addition to influence the qualities physical, chemicals
and biological soil (Espindola et al. al., 2004).

At practice gives fertilizing green he can if use so much grasses as legumes, at the ent you waste in
legumes can contribute to the reduction of acidity of soil and the C/N ratio in soil organic matter and residues
of grasses has a higher lignin content, favoring the structuring and stability of aggregates, making them less
susceptible to compaction (Andrade et al., 2009). However, for green manure, legumes have been used more
often due to their atmospheric N2 fixation potential through the symbiotic association of bacteria of the genus
Rhizobium and Bradyrhizobium, which, in addition, has a deep root system, capable of exploiting nutrients
from the deepest layers of the soil. You effects chemicals at the ground provided for the fertilizing green
depend in factors as: species used, O management aimed at biomass, planting time, cutting of green manure,
the time the residues remain in the soil and the interaction between Those factors (Alcantara et al., 2000).

Souza et al. (2020), evaluating biological fixation and nitrogen transfer by Gliricidia sepium in an
orchard organic intercropping of orange and banana found that the amount of N made available through
green manuring supplied in 55% of the nutritional requirement of crops (oranges and bananas). This amount
of N supplied by gliricidia pruning was enough to supply the N demand of the orange plants, in the formation
phase, with that the same author reports that The use of Fabaceae that have a high potential for biological
fixation of nitrogen (NFB) and of production of biomass, as green manures in orchards, in addition to
providing savings on fertilizers, contributes to the ecological management of the orchard. Thus, the objective
was to evaluate the effects of the management of intercropping systems with the presence of the legume
gliricidia, without gliricidia and vegetation native about attributes microbiological of ground, per quite gives
analysis gives biomass microbial, breathing basal and nitrogen from microbial biomass, managed in organic

form.
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2 METHODOLOGY
This is an exploratory research of a quantitative nature (Pereira et al., 2018). The experiment was

developed at Instituto Federal Roraima - Campus Novo Paraiso, located in the municipality of Caracarai,
Roraima, under the coordinates 1°15'7.86 N and 60°29'14.18 W. The weather type is tropical rainy, with
annual rainfall totals relatively high, arriving The two 000 mm second The classification in Koppen. With
temperatures averages in 26.8

°C The soil of the study area is classified as Argisol Dystrophic Red Latosol (Embrapa, 2013), with the
physical and chemical properties described in Table 1. Chemical and microbiological analyzes of the soil
were carried out in the laboratory of soils and plants of federal Institute from Roraima - New Campus

Paradise.

Table 1. Chemical characterization and physical gives layer in 0-20 cm from soil gives system area in consortium.

Area  pH PK Ca+Mg Al (H+Al) SB CTCpH7 t \Y, MOS Granulometria

Argila  SilteAreia
H20 mg/dms ] mmolc/dm3___ e Y- a/kg.....
CGL 6,13 39,0 1.0 4,45 0.05 4,22 550 9,72 555 566 21 170 10 820

SGL 6,00 190 0.05 215 0.05 514 2,20 7,34 225 300 1.0 - - -
VNM 4.57 130 006 1,23 1,30 845 1528 9,73 2,58 13 13 - - -

(CGL) system in cultivation consortium with gliricidia; (SGL) system in cultivation consortium without gliricidia; (VNM)
vegetation native — Woods;

(P) Phosphorus available (Mehlich -1) (K) Potassium available. (Ca) Exchangeable calcium. (Mg) Exchangeable magnesium. (Al)
Exchangeable acidity. (H+Al) Potential acidity. (SB) Sum of bases. (CTC) Cation Exchange Capacity at pH7.0. (t) Effective Cation
Exchange Capacity. (V) Base Saturation. (m) Saturation per Aluminum. (MOS) Matter organic of Ground. Source: Authors.

The treatments consisted of three areas with different management and use (area in intercropping with
gliricidia ( Gliricidia sepium (Jacq.) Steud.) + fruit (orange ( Citrus sinensis L. Osbeck), banana ( Musa spp.)
(CGL); area with intercropping of orange and forest essence (ipé - Handroanthus heptaphyllus ) without
gliricidia (CSG) and the area of native vegetation (forest) (VNM) used as a reference. Each 1600m? area was
divided into five plots, of which each one he was subdivided in two subplots, in the which were collected
samples in ground at rhizosphere of plants, in the depths of 0 — 10 and 10 -20 cm. The design used is a
completely randomized block design with a factorial arrangement. (3x2), with three soil management and
land use systems (legumes + fruit trees, fruit trees + forest essence and vegetation native - forest) and two
soil collection depths. Thirty soil samples were collected in the three study areas in the depths in 0.0 — 10cm
and 10 — 20 cm, with three repetitions in your respective depths totalizing 90 samples. The samples were
packed in sterile plastic bags, properly identified, and stored in a cold chamber at 4°C (Sarathchandra, 1978).

In the samples in ground in laboratory were done O process in squeegee in sieve in mesh two mm
in opening, where all animal and plant residues were removed. For the analysis of basal respiration
determination (RBS), it was determined according to Jenkinson and Powlson (1976), using 20 g of each soil

sample were incubated for 168 hours at room temperature in 0.5 liter hermetically sealed flasks and the CO
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2 captured in 100 mL flasks containing 10 mL of a KOH solution (0.3M). After incubation, 3 mL of BaCl
was aaced (20%0) and the excess of KOH was determined by titration with HCI solution (0.1 mol L . For the
extraction of carbon and nitrogen from the biomass (Cmic and Nmic) 60 mL of a 0.5 M solution of K ,SO 4
were adced O the soil samples that were subjected to agitation (40 min; 150 rpm), followed by decanting for 30
minutes. Then, the samples were filtered through filter paper for separation.from the extract to posteriorly
determination of Cmic and number

Determination of Microbial Biomass Carbon (Cmic) was carried out by the fumigation-extraction
method, according to Vance, et al., (1987), using the correction factor (kC) of 0.33 recommended by Sparling
and West (1988), in order toexpress the fraction of Cmic recovered after the fumigation-extraction process.
Determination of Nitrogen from Biomass microbial (Nmic) was performed by the fumigation-extraction
method with the extractor soil ratio of 1:2.5 (Tate et al., 1988), with the addition of chloroform directly to
the sample, keeping them in a dark place for 24 hours, continuing extraction and quantification of microbial
nitrogen by steam distillation (Kjeldanhl), followed by volumetry of acid-base neutralization using acid
sulfuric acid (H SO ;) as titrant.

The data of the variables obtained in each time of soil sampling, distinctly, were submitted to analysis
of variance and the results of the means of each treatment were statistically analyzed using the SISVAR
program, version 4.3 (Ferreira, 2014). You effects From treatments will be compared fur test of tukey The

5% in probability.

3 RESULTS AND DISCUSSION
Higher values of microbial biomass carbon (C wi.) were observed in soil samples of vegetationnative

(forest) at a depth of 0-10 cm (Table 2), with significant differences between intercropping systems with
presence of gliricidia (CGL) and without gliricidia (SGL). However, at a depth of 10-20cm higher values
were observed in the consortium system with the presence of gliricidia. These results corroborate those
obtained by Silva et al. (2021), which cites a 356% increase in microbial biomass carbon (C i) in
intercropping areas of fruit trees with gliricidia in in relation to intercropped areas without the presence of
gliricidia, at a depth of 0-10 cm. Silva et al. (2021), mentions that most microbiological activity in the surface
layer of the soil is due to the higher content of organic matter present on the surface from soil. Leal et al.
(2021), evaluating the effect of management systems and land use on the population of microorganisms in
the soil, in areas of intercropping of fruit trees with and without gliricidia, observed a greater number of
colony-forming units (UFC g solo 1), in system with consortium with gliricidia.

Other factor what justifies that increment It is O management applied in this area with at pruning of
plants in gliricidia beingthe biomass placed in the rhizosphere region of fruit plants. According to Paula
(2015), the decomposition of waste from leguminous plants, can be a source of carbon and nutrients for the
soil biota and later for the plants, highlighting the importance gives synchronization in between The release
in nutrients by plants in consortium and your demand by cultures main. Nutrients are released by the

Principles and Concepts for development in nowadays society - Soil microbiological parameters in an intercropped
production system under management organic

1512




decomposition of waste, through pruning. Souza et al. (2020), working in a consortium of fruit trees with
gliricidia, emphasize that the repeated deposition of gliricidia twigs and leaves in crowning of the fruit trees,
increased O contents in organic matter of ground and consequently the microbiota, being able to extract
nutrients in layers deep of ground, leaving them to reach for O growth of cultures through gives cyclingof
nutrients.

Results many different to the in Carbon gives biomass microbial (C i), were observed for O Nitrogen
gives microbial biomass (N mic ) (Table 2). A significant difference was observed between the soil
management systems, being in the depth of 0-10 cm, the highest values in the consortium with the presence
of the leguminous gliricidia (CGL) and in the area with native vegetation - forest (VNM) respectively. At a
depth of 10-20 cm, higher values were observed in the systems in management from soil CGL and SGL

respectively, obtaining a significant difference each other.

Table 2. Values of soil microbiological attributes, in different management systems.

attributes microbiological System in Depths (cm)
management 0-10 10-20
of ground
Microbial Biomass Carbon - Cmic (mg Cmic kg * soil) CGL 989.6 B 507.1A
SGL 277.7¢C 4042 B
VNM 1074.7 A 442.7B
Microbial biomass nitrogen - Nmic (mg Nmic kg * soil) CGL 3473 A 3141 A
\fﬁkﬂ 99.7C 159.5 B
236.4 B 35.3C
Basal Soil Respiration - RBS (mg C-CO 2kg-1 soil h 1) CGL 1.86 B 1.08B
\jﬁkﬂ 1.04C 0.52C
3.75A 1.37A
Metabolic quotient - gCO2 (mg C-CO2 g-1 Cmich 1) CGL 1.46 B 0.75B
\jﬁkﬂ 1.67B 0.73B
277 A 0.95A

CGL : System consortium with gliricidia; SGL : system without consortium with gliricidia; VNM : Area in Woods.

Values at same column, comparing systems in management of ground, in arow gives same letter uppercase, no differ in between yes
(Tukeyp<0.05). Analysis carried out at the Laboratory in soils and IFRR plant, Caracarai-RR, 2021.

Source: authors.

The biomass attributes C micand N nicServe as indicators of soil quality (Ferreira; Wendland; Didonet,
2011); however, the use of these parameters alone is not so appropriate to determine the real metabolic state
of the microorganisms of ground (Bowles et al., 2014), with that, does if required to take in consideration
other attributes that express the microbiological quality of the soil. In this sense, the quantification of other
parameters such as Basal respiration of the soil (RBS) and the metabolic quotient (qCO ) contributes with
pertinent information about the soil microbiota activity and the dynamic of microorganisms (Anderson;
Domsch, 1990).

Regarding RBS, a significant difference was observed in all types of soil management, with the lowest
value observed under SGL at both depths. A higher value was observed for the area of native vegetation

(forest) and the system CGL at both depths. Thus, the greatest release of CO ,, expressed by RBS, in forest
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soil may be in occupation gives constant incorporation in matter organic O what promotes O increase gives
biomass, resulting in larger releaseof CO , (Kuzyakov, 2010). Thus, the higher content of C i is positively
related to the release of CO ; (Adachi et al., 2006).

When observing the values of qCO ,, a high value was observed for the forest followed by the CGL
at a depth of 0- 10, and the forest followed by the SGL system at a depth of 10-20, this value indicates that
the CO ; refease rate PEI UNIt in C i It is smaller under ground with the handling CGL on depth in 0-10, and at
depth in 10-20 cm, the system in SGL

Gupta and Singh (1980) defined the process of CO ;e @S the sum total of all the metabolic functions
of the body. soil, in which CO ,is produced, this is the result of 3 processes called microbial respiration, root
respiration and faunal respiration is a non-biological process, chemical oxidation which can be directly
influenced by high temperature.

According to Cunha et al. (2011), higher CO2 release is generally associated with higher biological
activity, which, in turn, is directly related to the amount of labile C in the soil, which explains the higher
values in the topsoil layer that was observed in all management systems and in the forest (Souto et al., 2009).
However, according toCunha et al. (2011), the interpretation of the results of biological activity must be done
with discretion, as high values of breathing nor ever indicate conditions desirable, being able The | enjoy
deadline to mean release in nutrients for at plantsand, in the long term, loss of organic C from the soil to the
atmosphere (Parkin et al., 1996). Therefore, high values of C-CO2 can indicate so much situations in disturb
how high level of productivity of system (Islam & Weil, 2000).

Thus, in a management system there are several biotic and abiotic interactions that can interfere with
the parameters soil microbiologicals. Based on the results observed for the attributes of microbial biomass,
it can be infer that, compared to SGL, CGL promotes less disturbance of soil microbial biomass, providing
greater C micvaesand N mic, but higher values of qCO ,can be caused by high temperatures and high humidity
causing greater activity microbial and The oxidation of organic matter by having greater release CO .

In general, the soil microbial biomass attributes were affected by the soil management system, being
that the forest presented values of C nic, N mic, RBS and qCO ; higher than those observed under CGL and
SGL. The highest values observed for the parameters evaluated in the forest soil are related to the higher
content of organic matter present, in comparison to solo under CGL and SGL, one time what school subjects
organic promotes results beneficial to properties edaphic (Cardozo et al., 2008) and microbiological of
ground (Elfstrand; et al., 2007; Elfstrand; et al., 2007).

Thus, the soil management treatment under CGL was the closest and even surpassed in some
parameters the area of native vegetation (forest), thus suggesting that the agricultural activity conducted

under this type of management is any less impactful under O Score by sight From indicators microbiological.
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4 CONCLUSION
It concludes that the cropping systems caused alterations in the microbiological attributes of the soil

in comparison withnatural environment (forest). The presence of the legume gliricidia, associated with the
management of plant pruning, was decisive for the elevate you parameters microbiological analyzed of
ground.

The intercropping systems with the presence of the leguminous gliricidia (CGL), provided nitrogen
values of the microbial biomass (N mic) higher than the values observed in a forest environment, thus being
an efficient system in use and cycling of that nutrient.

Works involving the study of soil microbiota in intercropped agricultural systems in the Amazon
should be developed, for better use of available resources in rural properties in this region, given the scarcity
of resources financial by farmers relatives. perspectives as other plants agricultural and legumes native are

parameters that can to be analyzed and come to add this study.
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