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THE CONVERSION OF MURUNDU FIELDS INTO AGRICULTURAL AREAS

IMPACTS SOIL ATTRIBUTES AFTER SEVERAL YEARS OF CULTIVATION

ABSTRACT

The effect of Murundus Field conversion into agricultural areas on the physical, chemical and
biological attributes of soil have been evaluated in 3 no-till chronosequences. The study was
conducted at reminiscent Murundus Fields, at 3 other adjacent areas that were converted into
agricultural fields in the state of Goias-Brazil, over 11 (PD11), 15 (PD15) and 18 (PD18) years
under a no-till system, and at a control area that suffered no anthropic interference. For this
study, the native area was subdivided into mound bases (BM) and tops (TM) of murundus, due to
environmental contrast among these environments. The physico-chemical and biochemical soil
attributes evaluated were: fertility, texture, organic carbon, microbial biomass carbon, basal
respiration, metabolic and microbial quotients, urease activity and fluorescein diacetate
hydrolysis. In addition to these, microbial group densities were determined, that will vary
between: total heterotrophic bacteria (2.36 x 10°and 5.93 x 10°), total fungi (2.90 x 10% and 9.30
x 10%), total actinobacteria (2.26 x 10* and 8.92 x 10% phosphate solubilizers (2.80 x 10% and
4.20 x 10%), cellulolytic organisms (7.99 x 10* and 1.18 x10%), associative nitrogen-fixing
bacteria (1.25 x 10* and 4.24 x 10%), nitrifiers (0.00 and 9.37 x 10°) and ammonifiers (1.17 x 10°
and 5.20 x 10%). The conversion of native areas into no-till systems presented tall in areas with
PD15 (184.2 pg gt) and PD18 (316.0 nug g) microbial biomass carbon in relation to the control
area, however, there was a reduction of actinobacteria density when comparing murundus mound
bases to their tops, as well as reduced phosphate solubilizers, cellulolytic organisms and
associative nitrogen-fixing bacteria. Murundus Fields conversions into agricultural areas alter
soil microbiota, which may affect important functional processes, possibly aggravating the frailty

of this phytophysiognomy.



26
27

28

29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

Keywords: Soil use changes; different chronosequences, functional groups; microbial activity;
biological indicators.

1. INTRODUCTION

The Cerrado is the second largest tropical biome in Brazil and in South America,
responsible for housing about 5% of global diversity and 30% of the Brazilian flora and fauna,
many of which species being endemic, and is considered a biodiversity hotspot (Myers et al.,
2000; Francoso et al., 2015). Furthermore, the Cerrado stands out as a great agricultural frontier
for the production of food, fibers and biofuels (Lopes and Guilherme, 2016). The region’s
agricultural expansion has led to the incorporation of areas with lesser agricultural aptitude, such
as the “Murundus Fields”, inserted in this scenario (Assis et al., 2014; Carneiro et al., 2015;
Souza et al., 2016; Martins et al., 2020).

The “Murundus Fields” are phytophysiognomies associated to soils which contain strong
hydromorphism that encompass millions of km? and occur throughout the whole world, ranging
from the South and North Americas to Oceania and even Africa (Rahlao et al., 2008; Midgley,
2010; Cramer et al., 2012; Paulino et al., 2015; Tarnita et al., 2017; Souza et al., 2020). These
environments perform numerous ecosystemic duties, primarily at maintaining water sources
(Gomes Filho et al., 2014; Souza et al., 2016), and, moreover, their biodiversity is relevant in the
fulfillment of ecological duties (Barnes et al., 2014; Krashevska et al., 2015, Wang et al., 2017).

To convert Murundus Fields into agriculturally productive areas, great structural
modifications must be applied to the landscape, such as the construction of drainage channels,
terrain leveling by destroying the mounds and soil acidity and fertility adjustments. All these
changes alter the physical, chemical, and biological properties of the soil, with subsequent effects
over biodiversity and biological functions, compromising the ecosystems’ productivity and
sustainability (Souza et al., 2016; Pontes et al., 2017; Sa et al., 2017; Silva et al., 2018; Souza et
al., 2020; Martins et al., 2020; Teixeira et al., 2021).

The changes in the use of these areas impact the structure of the environment’s biological
community, especially the microbial community in the soil, which is responsible for performing
essential tasks that maintain ecosystems (Santos et al., 2015; D’ Acunto et al., 2018; Pinto et al.,
2020; Chatterjee et al., 2021; Tassano et al., 2021). The microorganisms in the soil are
responsible for decomposition and nutrient cycling, aggregation and structuring, the formation of
root symbiosis and several other processes that benefit plants and the environment. Soil
microbiota are the first to be affected by use and handling, because they present great sensitivity

towards environmental change, and can be utilized as soil quality indicators (Mendes et al.,
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2013; Assis et al., 2014; Silva et al., 2018; Souza et al., 2020; Carneiro et al., 2019; Aragéo et al.,
2020).

Although there are a few studies on the impact of converting Murundus Fields
phytophysiognomy in areas into agricultural ones (Assis et al., 2014; Souza et al., 2016; Paulino
et al., 2015; Carneiro et al., 2019; Martins et al., 2019), there is still a gap in the knowledge, as
for the effects conversion has about the biology of soil, in the functional groups and communities
of edaphic microorganisms, the physical and chemical characteristics of the soil. Especially for
being an ecosystem fragile, whose equilibrium is regulated by the processes carried out by the
biological diversity of the soil.

Therefore, this study aimed to assess whether the different chronosequences of the
conversion of Campos de Murundus into agricultural areas affect the soil microbiota and the
balance of the ecosystem. The study evaluated the effects that Murundus Fields being converted
into agricultural areas had on the physical, chemical, and biological soil attributes, within three

no-till chronosequence conversions.

2. MATERIALS AND METHODS

2.1 Experimental area description

The study was conducted in alluvial plains under Murundus Fields phytophysiognomy, in
the Jatai county, Southwest Goias - Brazil (17° 58' 20” S and 52° 04' 56” W). Whose tropical
climate with a dry season in winter (Cw) Koppen-Geiger, with an annual temperature ranging
from 30 °C and a minimum of 17 °C, an annual relative humidity of 70% and accumulated
rainfall of 1704 mm. The soil was classified as an Entisol (Petroplintic Tb Dystrophic Haplic
Gleysols) (Survey Staff, 2014).

The study analyzed a Murundus Fields chronosequence conversion into agricultural
areas, which used no-till systems during 11 (PD11), 15 (PD15) and 18 (PD18) years, apart from
a control area that suffered no anthropic interference. The native area was subdivided into mound
base (BM) and top (TM) according to the differences between natural soil drainage and
vegetation structuring and composition (Paulino et al 2015). The agricultural areas were
cultivated, annually, with the vegetable species of soy [Glycine max (L.) Merrill] - from
November to March - and corn (Zea mays L.) - from April to August. These areas were
maintained in fallow between August and November. In the native area, the vegetation is of the

cerrado type (Neotropical Savanna), with grass-plots between the mounds (Figure 1).
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The conversion processes began with the removal of vegetation followed by preparing the
soil with plowing and harrowing. The leveling of the areas for cultivation was done via plow
equipped with frontal and back-drag blades, followed by subsoiling, ground leveling, of the
liming and fertilization, before the initial establishment of planting in the areas in no-till culture

system.

2.2 Soil sampling and attribute evaluation

In each of the study areas, five samples of soil were made (n = 5). Each of these samples
composed of soil was carried out at a depth of 0 - 10 cm, collected in parallel transects, spaced
50 m apart from each other. In each of the transects, five simple samples were taken, collected at
a distance of 5 m from each other, assembled to form a composite sample. This same procedure
was performed in all areas of the study. In all, twenty-five composite samples were collected,
which were packed in sterile plastic bags and immediately stored at 4 © C, until the analysis was
carried out, and sent to the laboratory. In the laboratory, part of the samples was dried, sieved in
a 2 mm mesh, and sent for analysis of physical and chemical attributes. Part of the samples was
used for biological analysis of the soil.

The physical and chemical attributes determined were: pH in H20; P extracted by resin;
K*, Fe?*, Zn?*, Mn?" and Cu?+ extracted by the Mehlich-1 solution (Mehlich, 1953); Ca?*, Mg?"*
and APP* extracted by KCI 1 mol L (Mehlich, 1953); potential acidity (H+Al) by SMP extractor
(Shoemaker et al., 1961); texture by the Bouyoucos method (Boyoucos, 1951), (Table 1).

Organic carbon (Corg) was determined via the oxidation of potassium dichromate in the
presence of H2SOa4, followed by the back titration of the dichromate excess in a sample with
ferrous ammonium sulfate and diphenylamine (1%) solution (Walkley and Black, 1934).

Microbial biomass carbon (MBC) was determined via the irradiation of a 20 g soil sample
using a microwave oven with 120 V supply voltage (60 Hz), 2.450 MHz frequency and 1.35 KW
power, during three minutes, in order to kill the microorganisms so that they released their
cellular components (Islam and Weil, 1998). The carbon extraction via potassium sulfate (0.5
mol L?) was then done and followed by potassium dichromate oxidation in acidic medium
(0.066 mol L) and ferrous ammonia sulphate titration (0.033 mol L) (Vance et al., 1987). The
choice of microwave irradiation method to replace the use of chloroform occurred mainly due to
the fact that it generates less waste, and is an efficient alternative as much as the use of

chloroform.
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Soil basal respiration (RBS) was estimated via CO:2 released from samples in soil
incubated for three days, captured by a NaOH 0.5 mol L™ solution and subsequently measured
through titration with HCI (0.5 mol L) using phenolphthalein (1%) as indicator (Alef, 1995).
The metabolic quotient (qCO2) was obtained by the RBS and MBC ratio (Anderson and
Domsch, 1993). The microbial quotient (gMic) was calculated by the CBM and Corg relation
(Sparling, 1992).

Total soil enzymatic activity was determined via hydrolysis of fluorescein diacetate
(FDA) in 2.5 g samples incubated at 37°C in conjunction with a fluorescein solution (C20H120s
10 mg L1) in a sodium phosphate buffer (60 mmol L a pH 7.0) for 24 hours, shaking at a speed
of 50 rpm (Dick et al., 1996). The reaction was then interrupted with acetone (50%) and
centrifuged for 5 minutes at 3.000 rpm; the supernatant was filtered and reading was done in a
spectrophotometer at 490 nm.

Urease activity was estimated from 5 g of soil samples that were incubated for two hours
at 37°C in the presence of toluene, THAM buffer (0.05 mol L, pH 9.0) and a urea solution (0.2
mol L) (Tabatabai and Bremner, 1972). The reaction was then interrupted with the addition of
KCI-Ag2S0s4 (2.5 mol L, 100 mg L), the solution was shaken (150 rpm) for 30 minutes and
filtered, and the ammonium was determined by microdistillation (Keeney and Nelson, 1982).

The quantification of functional groups in the soil was done by plate counting or the most
probable number after the inoculation of soil suspensions obtained via serial dilution of 10 g of
soil in 90 mL of sterile saline solution (0.85% NaCl), followed by the inoculation of 0.1 mL
aliquots in different culture mediums. For the quantifying of total heterotrophic bacteria, a
nutrient culture agar medium with 5.0 g of peptone, 3.0 g of meat extract, 1.0 g of yeast extract,
5.0 g of glucose, 1 L of distilled water, 15 g of agar, in pH 6.8 was added to a cycloheximide
solution at 0.03%. For total fungi, a Martin medium (Martin, 1950) was utilized with 10 g of
glucose, 5.0 g of peptone, 0.5 g of yeast extract, 0.5 g of K2HPO4, 0.5 g of KH2PO4, 0.5 g of
MgSQOa4-7H20, 0.3 g of rose bengal, 1 L of distilled water, 15 g of agar and a streptomycin
solution at 0.03%. The quantifying of total actinobacteria was determined in an SCN medium
(Wollum, 1982) comprised of 10 g of glucose, 0.3 g of casein, 2.0 g of KNOs, 2.0 g of NaCl, 2.0
g of K2HPOs, 0.05 g of MgSQOa4-7H20, 0.04 g of CaClz, 0.01 g of FeSO4.7H20, 1 L of distilled
water, 15 g of agar and in a pH of 7.2, with nystatin 50 mg mL*, cycloheximide 50 mg mL* and
0.035 g of bengal rose.

For the phosphate solubilizers microorganisms two culture mediums were utilized: the
NBRIP (Nautiyal, 1999) and the GES (Sylvester-Bradley et al., 1982). The most probable
number (NMP) of ammonifiers was according to Sarathchandra (1978). The cellulolytic NMP
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was according to the methodology of Parkinson et al. (1971). The quantifying of nitrifiers was
according to the methodology described by Schimidt and Belser (1982). Free-living N2 fixing
bacteria were evaluated by using two culture mediums: FAM (FixFAM) - described by
Magalhdes and Ddbereiner (1984) that favors Azospirillum amazonense and the NFb (NFB)
medium that favors A. lipoferum, A. brasilense, A. irakense and A. halopraeferans, as described
by Dobereiner et al. (1995). Both mediums can favor the growth of other N2 fixing bacteria
(Pinto et al., 2020).

2.3 Statistical analysis

The data was subdued to normality analysis, and then the normals were submitted to
variance analysis (ANOVA) and the Scott-Knott test (5%) through the SISVAR statistical
program (Ferreira, 2011). The soil attributes were submitted to the Pearson correlation test using
the R software (ggplot2, ggcorrplot and corrplot packages) (R Development Core Team, 2011).
A principal component analysis (PCA) was made using the R software (vegan and gbbiplot
software) in order to observe the spatial planning of the variables that belong to the evaluated
areas; eigenvalues larger than 0.5 were considered to indicate a strong association between the

main components.

3. RESULTS

3.1 Physical and chemical soil attributes

Attribute analysis was done according to Alvarez et al. (1999). Soil pH values did not
present significant differences (p > 0.05) and varied between 4.10 and 5.49, which is considered
high acidity, in their native environments, and even intermediate acidity on PD11 (Table 1). P,
Ca, Mg and K values were lower in the native areas in comparison to the cultivated ones, the
lowest values being attributed to TM (Table 1), which were between low and intermediate. 5),
BM (Al: 8.15 mmolc dm; H+Al: 55.6 mmolc dm) and TM (Al: 8.88 mmolc dm3; H+Al: 59.9
mmolc dm™) (Table 1), showing active and high potential acidity in native areas (Alvarez et al.,
1999). The Fe content varied between 49.2 mg dm= and 79.6, 21 mg dm3, with lower values in
PD11. The Mn content, however, varied between 0.5 mg dm= and 1.21 mg dm, with larger
values in PD11. Zn presented the largest values in PD15 (Table 1). All the evaluated areas
presented a clayey texture, although they had larger clay content in cultivated areas significant
(Table 1). Total organic carbon (COT) varied between 17.21g kg™ and 22.03 g kg, with larger
values in BM, TM and PD11 (Table 2).
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3.2 Biochemical soil attributes

Microbial carbon biomass (MBC), microbial quotient (qMic), metabolic quotient (qCOz2)
and soil basal respiration (RBS) results are shown in Table 2. It has been observed that the CBM
and gMic values were higher in PD15 and PD18 (p < 0.05), varying, respectively, between 184.2
ug g to 316.0 pg g and 0.93 % to 1.77 %. The RBS, however, varied between 8.57 to 8.82 mg
C-CO2 g}, being higher in native areas (Table 2). There were no significant differences (p <
0.05) for the qCO2 among the evaluated areas (Table 2).

The enzymatic activity results are presented in Fig. 2. Urease activity was bigger in the
native areas (BM and TM), having a 60% reduction comparatively to the control area (BM) and
the PD11 cultivation (Fig. 2A). On the other hand, there were no significant differences for the
fluorescein diacetate (FDA) hydrolysis (p > 0.05) (Fig. 2B).

3.3 Soil microorganism functional groups

Time and cultivation did not significantly influence the density of total heterotrophic
bacteria, NFB nitrogen-fixers and ammonifying microorganisms (Table 3). Actinobacteria
density varied between 2.26 x10* UFC g and 8.92 x10* UFC g of soil, with largest values
observed in TM. Total fungi presented the lowest values in TM, not differing between uses
(Table 3). Phosphate solubilizers in both mediums (NBRIP and GES) presented higher density in
the BM control area, as was also observed for the cellulolytic microorganisms, nitrogen-fixers in
FAM medium and nitrifiers (p < 0.05) (Table 3).

3.4 Pearson Correlation

The correlations between the physical, chemical, biochemical, and biological soil
attributes were presented in Fig. 2. COT presented positive correlations with RB (r = 0.4; p <
0.05), NBRIP (r = 0.5; p < 0.05); Al (r =0.4; p < 0.05); silt (r =0.6; p < 0.05) and sand (r = 0.5;
p < 0.05), and negative correlation with nitrifiers, P and B (r = -0.5; p > 0.05), Cu (r=-0.4; p >
0.05), Zn (r = -0.1; p > 0.05) and clay (r = -0.7; p > 0.05), (Fig. 2). CBM presented positive
correlation with total fungi, nitrifiers, pH and P, K, Ca, Mg, B, Mn, Cu, Zn, and clay contents
(Fig 2). RBS correlated positively with urease (r = 0.5; p < 0.05), Al (r = 0.6; p < 0.05) and silt (r
= 0.4; p < 0.05) activities and negatively with pH (r = -0.6; p < 0.05), P (r=-0.7; p<0.05), Ca and
B (r=-0.5; p < 0.05), Mg and Zn (r = -0.6; p < 0.05) and clay (r = -0.4; p < 0.05) (Fig. 3). Total

bacteria correlated positively with fixers in the FAM medium, ammonifiers and silt contents (r =
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0.5; p < 0.05) as well as with the solubilizers in both culture mediums (r = 0.4; p < 0.05). The
total fungi correlated more strongly with solubilizers in the GES medium (r = 0.6; p < 0.05) and
with B contents (r = 0.4; p < 0.05) contents. Among the functional groups, just fixers in the NFB
medium correlated with the solubilizers in the GES (r = 0.5; p < 0.05), and the ones in the FAM
medium with the solubilizers in both mediums (r = 0.6; p < 0.05). The solubilizers correlated
among themselves (r = 0.5; p < 0.05) (Fig. 3). The pH correlated strongly with P, K, Ca, Mg, B,
Mn, Zn.

3.5 Principal component analysis

In the PCA it was observed that the components (PC1 and PC2) explained together
56.43% of the variations in the biological, biochemical, physical, and chemical characteristics of
the soil in the areas that were studied (Fig. 4). The spatial distribution of data showed the
formation of two large groups. Group 1 assembles the cultivated areas (PD11, PD15 and PD18),
primarily due to the differences in the chemical attributes of the soil (pH, P, K, Ca, Mg), in the
clay content and in the concentration of nitrifying microorganisms (Fig. 4) The cultivated areas
formed individual subgroups inside group 1 (Explain 1a, 1b and 1c). Group 2 corresponded to
the native area (Fig. 3). Inside this group, the subgroup 2a was formed, composed of the mound
bases (BM), which was influenced primarily by the content of COT, silt, sand, solubilizers in
Nbrip, cellulolytics and ammonifiers. And the subgroup 2b, which was composed of the top of
the mounds (TM), was separated by the influence of urease, RB and Al contents (Fig. 4). The
attributes that positively correlated the most to the PC1 were COT, RB, phosphate solubilizers in
Nbrip, urease, Al, silt, and sand, and negatively, pH, P, K, Ca, Mg, B, Mn, Zn, and clay. With the
PC2, however, the positively correlated were bacteria, fungi, microorganisms in the FAM

medium and phosphate solubilizers and the negatively correlated were actinobacteria and Cu.

4. DISCUSSION

Murundus Field conversion into agricultural areas, even in conservative systems with no-
tilling affected and modified soil attributes, especially biological and biochemical ones. In the
present study, In the present study, the conversion of native areas to agriculture caused changes
in the biological soil attributes, smaller respiration, urease activities and functional group density
has been. These results show the impacts of anthropogenic interference on the balance and

functionality of the biological communities of the soil. these alterations were also observed in
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other studies in the phytophysiognomy of Murundus Fields, converted to agricultural areas
(Assis et al., 2014; Martins et al., 2019; Paulino et al., 2015) converted to no-tillage areas, which
verified a reduction in the activity and composition of microbial communities in cultivated areas,
when compared to native areas. In general, biological attributes were sensitive in demonstrating
changes in soil use, confirming their efficacy as soil quality indicators (Sa et al., 2017; Silva et
al., 2018; Souza et al., 2020; Pinto et al., 2020; Aragao et al., 2020; Martins et al., 2020; Tassano
etal., 2021).

The changes observed in the chemical characteristics of the soil are attributed primarily to
soil handling and the time it takes to implement a no-till system, related to soil correction
practices such as liming and use of fertilizers, which explain the high Ca, Mg and K values in the
cultivated areas, whilst the native areas presented the higher active acidity (Al) and potential
activity (H+Al) values (Table 1). Commonly, pH is one of the main abiotic factors which
regulate the soil microbial community and activities (D’Acunto et al., 2018), however, it was
observed in this study that by correlating soil pH to its biological attributes, it was verified that
the pH did not have an influence over the activities of most of the functional groups that were
analyzed. This was one of the main factors that influenced cultivated area distribution and the
content of nutrients available in the soil, verified in the PCA.

COT content in the soil decreased with cultivation time in the agricultural areas,
observing greater reductions for no-till 15 and 18 years, which indicates that even areas with
almost 20 conservative years of cultivation system were not efficient in reestablishing C
accumulation in the soil greater than that of the native areas. Martins et al. (2019) observed the
gradual reduction in soil COT content in Murundus Fields converted into no-till areas, which
indicates the impact the conversion has, revealing cultivation condition improvement needs to
supply a higher carbon rate to the system.

Handling employed in the area, from the implantation of no-till via mechanical
enhancements to the soil, fertilizer, and corrective usage, as well as the cultivation of different
vegetable species (soy and corn, mainly) from the native vegetation favored the selection of
more adapted microbiota, leading to changes, losses, or reductions of some functional soil
groups. As observed in the group reduction of NBRIP, GES, cellulolytic, FAM in the BM native
area, actino in the TM native area and total fungi increase in the native TM area, with no changes
to ammonifiers, total bacteria and NFB. Areas cultivated with 10 and 15 years presented higher
MBC than the values found in the control area and the no-till 11 years, indicating that the
systems of agricultural handling led to MBC increases. Contrary to our results, Martins et al.
(2019) observed that the conversion of native areas into agricultural ones led to great CBM
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reduction, which gradually restored itself in 50% of the handling time. Higher MBC in native
areas is justified by the superior diversity of compounds exudated by the rhizosphere, as well as
the constant deposit of different residues in the soil litter surface, which helps maintain
temperature and humidity in adequate levels (Martins et al., 2019; Silva et al., 2018; Teixeira et
al., 2021).

When observing the different microbial groups, it can be verified that in the natural
environments, primarily the murundus bases, were the areas that presented the highest phosphate
solubilizer (NBRIP and GES), Celul and FAM densities; and the murundus tops were the ones
with greater actinobacteria density (Table 3). The NFB and ammonifier densities, however, did
not differ among the areas that were studied, which indicates the adaptability of the
microorganisms in these groups that have the conversion of natural areas into agricultural ones.
In the cultivated areas, actinobacteria and GES densities increased with the no-till 11 < no-till 5
< no-till 18 years cultivation times. In general, soil use altered soil microorganism group
densities in the Murundus Fields areas, decreasing due to the conversion of the fields into
agricultural areas.

FDA was not affected by the conversion of Murundus Fields into agricultural areas. FDA
activity in an indirect measure of soil heterotrophic activity, relating itself to organic matter
decomposition (Ciarkowska et al., 2014; Muscolo et al., 2015), indicating microbial activity,
nutrient availability, and soil basal respiration (Medeiros et al., 2015). However, soil basal
respiration (RBS) was sensitive at indicating higher activities in native areas where there is a
greater availability of exudates and easily decomposable compounds that can stimulate the
decomposition activity of the soil, which was verified in this study by greater CO2 emission in
native environments. Bigger RBS did not indicate stress in the evaluated systems of soil use,
because there were no significant differences for the qCO2 among the areas that were studied.
gCO:z2 is an efficient indicator when it comes to soil stress, by the relation between how much C
is emitted as CO2 and how much is absorbed and immobilized in microbial biomass (Anderson
and Domsch, 1993). gMic, however, was close to 1%, which is relatively low, indicating that the
MBC contributed lightly to the soil COT composition (Jenkinson and Ladd 1981; Smith and Paul
1990).

Urease activity was reduced in the cultivated areas up to 65.7% when compared to the
native areas. The handling in the agricultural areas, mainly fertilizing, can contribute to this
decrease in urease activity. Urease is an enzyme that is synthesized by soil microorganisms and
is responsible for the hydrolysis of urea, CO2 and NHs, with wide natural occurrence (Kandeler
and Gerber, 1988), a very important enzyme in the N cycle, sensitive to the decrease in exudate
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compound diversity in the rhizosphere and to the quantity and quality of material that is
deposited in the soil (Silva et al., 2018), which makes it sensitive in indicating changes in the
handling system deployed in the soil. The high correlation between fertility attributes was
already expected because the soil had previously been handled by cultivation with liming and
fertilizing, due to the intense productive demand for commodities produced in the Brazilian
Cerrado.

PCA shows the cultivated area grouping independently of cultivation time (Fig. 4). The
groups corresponding to the BM and TM native environments, which were in proximity,
primarily due to the Al, sand, silt and Fe contents, urease activities and RBS demonstrated how
the functionality of Murundus Fields soils is more elevated than the one in cultivated areas. It is
possible to observe the relations between the functional cellulolytic and ammonifier groups in
the BM area, the use of a liquid culture medium can favor the organisms that come from
environments with reducing conditions such as the ones found in Murundus bases. In the
Murundus tops, however, the respiration activity can be related to a higher oxygenation
condition for the metabolism of aerobic heterotrophic organisms.

MBC and nitrifier group increases in the cultivated areas may also be related to higher
clay contents, which favors the creation of microsites that offer protection to the
microorganisms, as well as increasing water retention (Stotzky, 1972). However, the different
cultivation chronosequences negatively affected the functional organism groups.

Although no-tilling is considered a conservative system, the incorporation of areas and
the agricultural expansion in the native Cerrado generates preoccupations with the potential loss
of soil biological diversity, as observed by Assis et al. (2014), Carneiro et al. (2019), Souza et al.
(2020) and Martins et al. (2020), primarily in areas with elevated frailty and low resilience, such
as Murundus Fields. These areas exert higher contributions to environmental factors, such as the
maintenance of the water cycle in the microbasin, than to agricultural production. Therefore, it is
extremely important to maintain the Murundus Fields areas as permanent preservation areas due
to all their functions in the ecosystemic services, as after the conversion into agricultural
systems, there is no return to previous structures and functions that are naturally found in

Murundus Fields.

5. CONCLUSION
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Physical, chemical and biological soil attributes evaluated were notoriously altered by the
conversion of Murundus Fields into agricultural areas, even though the conservative no-till
planting system was adopted.

The most sensitive biological soil use attributes after Murundus Fields conversions via
no-tilling were urease, actinobacteria, phosphate solubilizers, fungi, bacteria, nitrogen-fixers, and
soil basal respiration. The most sensitive physical and chemical attributes were Ca, Mg, Al, B, P,
silt, pH, clay, K and Zn.

Despite the conversion of native Murundus Fields into no-till agricultural production
systems affects key functional groups of the biological community differently, such as fungi,
nitrifiers and phosphate solubilizers, new conversions of Murundus Fields are not recommended.

Based on these results and discussion, the authors of this study position themselves
unfavorable for the conversion of Murundus Fields into agricultural areas, which is in

conformity with current legislation.

ACKNOWLEDGMENTS

The authors acknowledge the financial support from the Coordenacdo de
Aperfeicoamento de Pessoal de Nivel Superior (Capes/PROEX/UFLA/PPGCS 593-2018), the
Conselho Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq), and the Fundagao de

Amparo a Pesquisa de Minas Gerais (Fapemig).

REFERENCES

Alef, K. Estimation of soil respiration. 1995. In: Alef, K., Nannipieri, P. (eds) Methods in
applied soil microbiology and biochemistry. Academic, New York, 464-470.

Alvarez, V.V.H., Novais, R.F., Barros, N.F., Cantarutti, R.B., Lopes, A.S. 1999.
Interpretacdo dos resultados das analises de solos. In: Ribeiro, A.C., Guimardes, P.T.G., Alvarez,
V.V.H. editores. Recomendacdes para o uso de corretivos e fertilizantes em Minas Gerais: 5a
Aproximacdo. Vicosa, MG: Comissao de Fertilidade do Solo do Estado de Minas Gerais. 25-32.

Anderson, T.H., Domsch, K.H. 1993. The metabolic quotient for CO2 (qCO2) as a
specific activity parameter to assess the effects of environmental conditions, such pH, on the
microbial biomass of forest soil. Soil Biol Biochem, 25, 393-395, Do0i:10.1016/0038-
0717(93)90140-7.



384
385
386
387

388
389
390
391

392
393
394
395

396
397
398
399

400
401
402
403
404
405
406
407
408
409
410
411
412
413
414

Aragéo, O.0. Da S., Oliveira-Longattia, S. M., Caputo P.S. De C., Rufini, M., Carvalho,
G.R., Carvalho, De T.S., Moreira, F.M. De S. 2020. Microbiological indicators of soil quality are
related to greater coffee yield in the Brazilian Cerrado region. Ecological Indicators. 113 106205.
https://doi.org/10.1016/j.ecolind.2020.106205

Assis, P.C.R., Saggin-Junior, O.J., Paulino, H.B., Stiirmer, S.L., Siqueira, J.O., Carneiro,
M.A.C. 2014. Fungos micorrizicos arbusculares em campos de murundus apds a conversao para
sistemas agricolas no Cerrado. Revista Brasileira de Ciéncia do Solo, 38, 1703-1711.
D0i:10.1590/S0100-06832014000600005.

Barnes, A.D., Jochum, M., Mumme, S., Haneda, N.F., Farajallah, A., Widarto, T.H.,
Brose, U. 2014. Consequences of tropical land use for multitrophic biodiversity and ecosystem
functioning. Nature. Commun. 5, 5351. D0i:10.1038/ncomms6351.

Www.nature.com/naturecommunications.

Carneiro, M.A.C., Ferreira, D.A., Souza, E.D., Paulino, H.B., Saggin Junior, O.J.,
Siqueira JO. 2015. Arbuscular mycorrhizal fungi in soil aggregates from fields of “murundus”
converted to agriculture. Pesquisa Agropecuéria Brasileira, 50, 313-321. Doi: 10.1590/S0100-
204X2015000400007.

Carneiro, M.A.C., Assis, P.C.R., Paulin, O.H.B., Rocha, M.R., Teixeira, R.T., Pinto,
F.A., Santos, J.V., Siqueira, J.O., Souza, E.D. 2019. Diversity of arbuscular mycorrhizal fungi
and nematodes in a 14 years no-tillage chronosequence. Rhizosphere. 10, 1 — 4, Doi:
https://doi.org/10.1016/j.rhisph.2019.100149

Chatterjee, D., Nayak, A.K., Mishra, A. Swain, C.K., Kumar, U., Bhaduri, D.,
Panneerselvam, P., Lal, B., Gautam, P., Pathak, H. 2021. Effect of Long-Term Organic
Fertilization in Flooded Rice Soil on Phosphorus Transformation and Phosphate Solubilizing
Microorganisms. Journal of Soil Science and Plant Nutrition. https://doi.org/10.1007/s42729-
021-00446-8

Ciarkowska, K., Solek-Podwika, K. Wieczorek, J. 2014. Enzyme activity as an indicator
of soil-rehabilitation processes at a zinc and lead ore mining and processing area. J. Environ.
Manage. 132, 250-256, http://dx.doi.org/10.1016/j.jenvman.2013.10.022.

Cramer, M.D., Innes, S.N., Midgley, J.J. 2012. Hard evidence that heuweltjie earth
mounds are relictual features produced by differential erosion Palaeogeogr. Palaeoclimatol.
Palaeoecol., 350-352: 189-197. Doi.org/10.1016/j.palae0.2012.06.030.


https://doi.org/10.1016/j.rhisph.2019.100149

415
416
417

418
419

420
421

422
423
424

425
426
427

428
429

430
431

432
433

434
435
436

437
438

439
440
441

442
443

D’Acuntoa, L., Andrade, J. F., Poggioa, S. L., S. 2018. Maria. Diversifying crop rotation
increased metabolic soil diversity and activity of the microbial community. Agriculture,
Ecosystems and Environment, 257 159-164. D0i.10.1016/j.agee.2018.02.011

Dobereiner, J., Baldani, VV.L.D., Baldani, J.I. 1995. Como isolar e identificar bactérias
diazotroficas de plantas ndo-leguminosas. Itaguai: EMBRAPA-CNPAB, 60. ISBN: 8585007656.

Ferreira, D.F. Sisvar a computer statistical analysis system. Ciéncia e Agrotecnologia, 35
(6):1039-1042, 2011. Doi.org/10.1590/S1413-70542011000600001

Francoso, R.D.; Brandéo, R.; Nogueira, C.C.; Salmona, Y.B.; Machado, R.B.; Colli, G.R.
Habitat loss and the effectiveness of protected areas in the Cerrado Biodiversity Hotspot. Bras. J.
Nat. Conserv. 13, 35-40. 2015. D0i10.1016/j.ncon.2015.04.001.

Gomes Filho, R.R., Silva, J.H., Paulino, H.B., Carneiro, M.A.C., Costa, C.A.G., Teixeira,
M.B. 2014. Impact of an agricultural chronosequence in recharge areas of aquifers in the

Brazilian savannah. African Journal of Agricultural Research, 9, 44, 3267-3275.

Islam, K.R., Weil, R.R. 1998. Microwave irradiation of soil for routine measurement of
microbial biomass carbon. Biology Fertility Soils, 27:408-416,. Doi.org/10.1007/s003740050

Jenkinson, DS., Ladd J.N. 1981. Microbial biomass in soil: measurement and turnover.
In: Paul E, Ladd JN (eds) Soil biochemistry. Marcel Dekker, New York, pp 425-471.

Kandeler, E., Gerber, H. 1988. Short-term assay of soil urease activity using colorimetric
determination of ammonium. Biol. Fertil. Soils 6, 68—72. http://dx.doi.org/10.1007/BF00257924

Krashevska, V., Klarner, B., Widyastuti, R., Maraun, M., Scheu, S. 2015. Impact of
tropical lowland rainforest conversion into rubber and oil palm plantations on soil microbial
communities. Biology and Fertility of Soils, 51, 697—705. Doi.org/10.1007/s00374-015-1021-4

Lehmann, E.F., Leifheit, A., Rillig, M.C. 2017. Mycorrhizas and Soil Aggregation.
Journal of New Phytologist, p. 241-262. Doi.org/10.1016/B978-0-12-804312-7.00014-0

Lopes, A.S., Guilherme, L.R.G. 2016. A career perspective on soil management in the
Cerrado region of Brazil. Advances in  Agronomy, Newark, 137, 1-72.
Ddoi.org/10.1016/bs.agron.2015.12.004.

Martins, L.N.B., Santiago, F.L.A., Montecchia, M.S., Correia, O., Saggin-Junior, O.J.,
Souza, E.D., Paulino, H.B., Carneiro, M.A. 2019. Biochemical and Biological Properties of Soil



444
445

446
447
448
449

450
451

452
453
454

455
456

457
458
459

460
461

462
463
464
465

466
467
468
469

470
471
472
473

from Murundus Wetlands Converted into Agricultural Systems. Revista Brasileira de Ciéncia do
Solo. 43, 1-13,. Doi: 10.1590/18069657rbcs20180183.

Medeiros, E.V., Notaro, K.A., Barros, J.A., Moraes, W.S., Silva, A.O., Moreira, K.A.
2015. Absolute and specific enzymatic activities of sandy entisol from tropical dry forest,
monoculture and intercropping areas. Soil Tillage Res. 145, 208-215. Doi.
0rg/10.1016/j.still.2014.09.013.

Midgley, J.J. More mysterious mounds: origins of the Brazilian campos de murundus.
Plant Soil, 336:1-2, 2010. Doi.org/10.1007/s11104-010-0355-9.

Muscolo, A., Settineri, G., Attina, E. 2015. Early warning indicators of changes in soil
ecosystem functioning. Ecological Indicators, 48, 542-549.
Doi.org/10.1016/j.ecolind.2014.09.017

Myers, N., Mittermier, R.A., Mittermier, C.G., Gustavo A. B. Da Fonseca, G.A.B., Kent,
J. 2000. Biodiversity hotspots for conservation priorities. Nature, 403: 853-858.

Nautiyal, C.S. An effect microbiological grouwth medium for screening phosphate
solubilizing microorganisms. FEMS Microbiol Lett, 70, 265-270, 1999. doi.org/10.1111/j.1574-
6968.1999.tb13383.x

Parkinson, D., Gray, T.R.G., Williams, S.T. Methods for Studying the Ecology of Soil
Microorganisms. 19, 110, 1971. Doi.org/10.1111/j.1574-6968.1999.tb13383.x

Paulino, H.B., Assis, P.C.R., Vilela, L.A.F., Curi, N., Carneiro, M.A.C., 2015. Campus
de murundus: Génese, paisagem, importancia ambiental e impacto da agricultura nos atributos
dos solos. In: Nascimento, C.W.A., Souza Janior, V.S., Freire, M.B.G.S. (Eds.), Topicos em
Ciéncia do Solo. Sociedade Brasileira de Ciéncia do Solo, Vigosa, 172-211.

Pinto. J.V.E., Santos, J.V., Oliveira-Longattia, S. M., Santos, B. Dos, Moreira, F.M.S.
2020. Species of associative N2-fixing bacteria in phytophysiognomies of the Quadrilatero
ferrifero, MG, Brazil. Revista de Recursos Genéticos - RG News 6 (1) — Sociedade Brasileira de

Recursos Genéticos.

Pontes, J.S., Oehla, F., Pereira, C.D., Machado, C.T.T., Coyned, D., Silva, D.K.A., Maia,
L.C. Diversity of arbuscular mycorrhizal fungi in the Brazilian's Cerrado and in soybean under
conservation and conventional tillage. Applied Soil Ecology. 117-118: 178-189. 2017.
doi.org/10.1016/j.apsoil.2017.04.023



474
475
476

477
478
479
480

481
482
483
484

485
486
487

488
489
490

491
492
493
494

495
496

497
498
499

500
501
502
503

Rahlao, S.J., Hoffman, M.T., Todd, S.W., Mcgrath, K. 2008. Long-term vegetation
change in the Succulent Karoo, South Africa following 67 years of rest from grazing. Journal of
Arid Environments, 72, 808-819. Doi.org/10.1016/j.jaridenv.2007.08.003

S4, J.C.M,, goncalves, D.R.P., Ferreira, L.A., Mishra, U., Inagaki, T.M., Furlan, F.J.F.,
Moro, R.S., Floriani, N., Briedis, C., Ferreirai, A.O. Soil carbon fractions and biological activity
based indices can be used to study the impact of land management and ecological successions.
Ecol. Indic. Doi.84, 96-105. doi: 10.1016/j.ecolind.2017.08.029

Santos, J.V., Varon-Lopez, M., Soares, C.R.F.S., Leal, P.L., Siqueira, J.O., Moreira,
F.M.S. 2015. Biological attributes of rehabilitated soils contaminated with heavy metals.
Environmental Science and Pollution Research, 23, 7, 6735-6748. Doi.org/10.1007/s11356-015-
5904-6.

Sarathchandra, U. 1978. Nitrification activities and the changes in the populations of
nitrifying bacteria in soil perfused at two differentH-ion concentrations. Plant and Soil, 50:99—
111. Doi.org/10.1007/BF02107160

Schimidt, E.L. Belser, L.W. Nitrifying bacteria In: Page, A.L.; Miller, R.H.; Keeney,
D.R. (ed) Methods of Soil Analysis Part 2 Chemical and Microbiological Properties. Second
Edition Soil Science Society of America. USA 1982.

Silva, A.O., Costa, A.M. Da, Teixeira, A.F.S., Guimardes, A.A., Santos, J.V., Moreira, F.
M. De S. 2018. Soil microbiological attributes indicate recovery of an iron mining area and of
the biological quality of adjacent phytophysiognomies. Ecological Indicators, 93, 142-151.
Doi.org/10.1016/j.ecolind.2018.04.0730

Smith, J.L., Paul, E.A. 1990. The significance of soil microbial biomass estimations. In:
Bollag J.M., Stotzky, G. (eds) Soil biochemistry. Marcel Dekker Inc., New York, 357-396.

Soil Survey Staff. Soil taxonomy: A basic system of soil classification for making and
interpreting soil surveys. 2014. Natural Resources Conservation Service. Department of
Agriculture, United States, 372.

Souza, E.D. De S., Da Silva C.R.M., Pinto, F.A., Carneiro, M.A.C., Paulino, H.B.,
Pacheco, L.P.., Dias Terra, F. Laroca, J.V.S. 2019. Soil quality indicators after conversion of
“Murundu” fields into no-tillage cropping in the Brazilian Cerrado. Pesq. agropec. bras., Brasilia,
54, e00374, DOI: 10.1590/S1678-3921.pab2019.v54.00374.



504
505
506
507

508
509
510

511
512
513

514
515

516
517
518
519

520
521

522
523
524
525

526
527
528

529
530
531
532

Souza, E.D.D., Carneiro, M.A.C., Paulino, H.B., Ribeiro, D.O., Bayer, C., Rotta, L.A.
2016. Matéria organica e agregacdo do solo apds conversdao de "campos de murundus" em
sistema plantio direto. Pesquisa Agropecudria Brasileira, 51, 9, p.1194-1202. DOI:
10.1590/S0100-204X2016000900019

Souza, H. J., Delabie, J. C.. Sodré, G. A. 2020. Termite participation in the soil-forming
processes of ‘murundus’ structures in the semi-arid region of Brazil. Revista Brasileira Ciéncia
Solo. 44, 1-18, DOI. 10.36783 / 18069657rbcs20190133

Sparling, G.P. 1992. Ratio of microbial biomass carbon to soil organic carbon as a
sensitive indicator of changes in soil organic matter. Australian Journal of Soil Research, 30,
195-207.

Stotzky, G. 1972. Activity, ecology and population dynamics of microorganisms in soil.
Critical Reviews in Microbiology, 1, 59-137. D0i:10.3109/10408417209108383.

Sylvester-Bradley, R., Asakawa, N., Torraca, S.L.A., Magalh&es, F.M.M., Oliveira, L.A.,
Pereira, R.M. 1982. Levantamento quantitativo de microrganismos solubilizadores de fosfatos na
rizosfera de gramineas e leguminosas forrageiras na Amazonia. Acta Amazonia, 12:15-22.
doi.org/10.1590/1809-43921982121015

Tabatabai, M.A. Bremner, J.M. 1972. Assay of urease activity in soils. Soil Biology and
Biochemistry, 4, 479-483.

Tassano, M., Montafiez, A., Nufez, L., Trasante, T., Gonzélez, J., Irigoyen, J., Cabral, P.,
Cabrera, M. 2021. Spatial cross-correlation between physicochemical and microbiological
variables at superficial soil with different levels of degradation. Catena, 198, 105000.
https://doi.org/10.1016/j.catena.2020.105000

Tarnita, C.E., Bonachela, J.A., Sheffer, E., Guyton, J.A., Coverdale, T.C., Long, R.A,,
Pringle, R.M. 2017. A Theoretical Foundation for Multi-Scale Regular Vegetation Patterns.
Nature 541 (7637), 398-401. Doi: 10.1038 / nature20801.

Teixeira, A.F.S., Silva, S.G.G., de Carvalho, T.S., Silva, A.O., Guimarédes A.A., Moreira,
F.M.S. 2021. Soil physicochemical properties and terrain information predict soil enzymes
activity in phytophysiognomies of the Quadrilatero Ferrifero region in Brazil. Catena, 199,
105083. https://doi.org/10.1016/j.catena.2020.105083


about:blank
about:blank
about:blank
about:blank

533
534
535

536
537
538

539
540
541
542

543
544
545

546

547

548

549

550

551
552

Vance, E.D., Brookes, P.C., Jenkinson, D.S. 1987. An extraction method for measuring
soil microbial biomass. Soil Biol. Biochem., 19:703-707. doi.org/10.1016/0038-0717(87)90052-
6

Walkley, A., Black, 1.A., 1934. An examination of the Degtjareff method for determining
soil organic matter, and proposed modification of the chromic acid titration method.Soil Sci. 37,
29-38.

Wang, J., Ren, C., Cheng, H., Zou, Y., Bughio, M.A., Li, Q. 2017. Conversion of
rainforest into agroforestry and monoculture plantation in China: Consequences for soil
phosphorus forms and microbial community. Sci Total Environ. 595:769-778. D0i.10.1016 /
j.scitotenv.2017.04.012

Wollum, A.G. 1982. Cultural Methods for soil Microorganisms. In: Page, A.L., Miller, R.H.,
Keeny (eds) Methods of soil analysis. Part 2: chemical and microbiological properties, 2nd edn.
ASA, Madison, 781-814.

TABLE AND FIGURE LIST

_ | A) 17°58720°S
S B)2°4S6"W

SR C) 17°58°317S and 2°4°16™W;
D) 17°57°56”S and 52°4°40”W;
| E) 17°57°55”S and 2°4°55"W

Fig. 1. Area description A - Microrelief murundu fields correspondent to the top of the mounds
(TM), and B - Microrelief murundu fields correspondent to the base of the mounds (BM) (153 ha
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- Native Cerrado); C - Area cultivated for 11 years with no-tilling (PD 11) in soy/corn succession
(45.9 ha); D - Area cultivated for 15 years with no-tilling (PD 15) in soy/corn succession (98.7
ha); E - Area cultivated for 18 years with no-tilling (PD 18) in soy/corn succession (49.9 ha).

Table 1. Chemical and physical soil attributes in the non-anthropized murundu field - mound
base (BM) and mound top (TM) - and in the adjacent areas converted into agricultural
cultivations under no-tilling (PD) in different chronosequences (PD 11, PD 15 and PD 18 years).

Physical and chemical

characteristics PD18 PD15 PD11 BM ™
pH (CaCly) 4.79ns  5.23ns 5.49ns 4.28ns 4.10ns
K (mg dm?) 1.49b  1.68b 2.53a 0.19¢c <0.70c
P (mg dm®) 46.7a  66.8a 56.3a 6.70b 7.90b
Ca (mmol; dm™) 20.1c 28.9b 45.8a 0.30d 0.10d
Mg (mmol, dm) 6.4b 10.3a 11.6a <2.50c <2.50c
Al (mmol. dm™) 1.12b  0.36b 0.0b 8.15a 8.88a
H+Al (mmol; dm™) 36.8b  31.4b 21.9c 55.6a 59.9a
MO (g dm™®) 29.6ns  32.6ns 34.2ns 37.9ns 34.2ns
CTC (mmol, dm™) 64.85b 72.28a 81.83a 56.95b 60.72b
Fe (mg dm™) 79.6a 79.2a 49.2b 72.7a 73a
B (mg dm™®) 31.4b  21.9b 55.6a 59.9a 0.197c
Mn (mg dm?) 0.68b  0.56b 1.21a <0.5¢ <0.5¢
Cu (mg dm?) 72.28a 81.83a 56.95b 60.72b 84a
Zn (mg dm?) 2.37bh  3.47a 2.46b 0.11c 0.16¢
Clay (g kg™) 676.3a 650.9a 664.8a 550.8¢c 601.9b
Silt (g kg™) 117.4c 137.7c 133.1c 212.8a 174.7b
Sand (g kg™) 206.3ns 211.4ns 202.1ns 236.4ns 223.4ns

Means followed by the same letter do not differ statistically through the Scott-Knott test (p < 0.05).

Table 2. Total organic carbon (COT), microbial biomass carbon (MBC), microbial quotient
(gMic), metabolic quotient (qCO2) and basal respiration (RBS) of soil cultivated via no-till (PD)
in different chronosequences (PD11, PD15 and PD18 years) in natural soils situated under
microrelief murundu fields (BM - mound base and TM - mound top).

coT CBM gMic gCO2 SBR
Land use
g kg? ug gt % ug C-COz pg CBM ht mg C-CO; g soil dry ht
PD11 19.88a 215.2b 0.96b 0.032ns 6.51b
PD15 18.95b 316.0a 1.62a 0.024ns 5.92b
PD18 17.21b 301.2a 1.77a 0.024ns 6.45b
BM 22.03a 202.3b 0.92b 0.045ns 8.82a

™ 19.88a 184.2b 0.93b 0.042ns 8.57a
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Means followed by the same letter do not differ statistically through the Scott-Knott test (p < 0.05).
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Fig. 2. Specific enzymatic activity (A) urease and (B) FDA fluorescein diacetate hydrolase in

soils cultivated via no-till in three chronosequences (PD11, PD15 and PD18 yeats) and in soils

native to the microrelief murundu fields (BM - mound base and TM - mound top). Means followed

by the same letter do not differ statistically through the Scott-Knott test (p < 0.05).
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Fig. 3. Pearson Correlation (p < 0.05) between physical, chemical and biochemical attributes of
soil cultivated under no-till planting (PD), in the chronosequences PD 5, PD10 and PD15 years
and in a non cultivated native area situated under the microrelief murundu fields. Microbial
biomass carbon (MBC); soil basal respiration (RBS); urease; fluorescein diacetate hydrolysis
(FDA); total bacteria; total actinobacteria; total fungi; nitrogen-fixing bacteria (NFB and FAM));
nitrifiers; ammonifiers; phosphate solubilizers (Nbrip and GES).



Table 3. Functional group density: total heterotrophic bacteria (Bact), actinobacteria (Actno), total fungi (Fungi), phosphate solubilizers (NBRIP
and GES), cellulolytics (Celul), nitrogen-fixers in the FAM culture medium, nitrogen-fixers (BFN), nitrifiers (Nitrif) and ammonifiers (amonif) in
the soil cultivated under no-till planting in different chronosequences (PD11, PD15 and PD18 years) and in natural soils situated under murundu
fields (BM - mound base and TM - mound top).

Land use Bact Actino Fung NBRIP GES Celul FAM NFB Nitrif Amonif

UFC g of soil NMP g-*of soil

PD11 478 x10°ns 3.00x10*d 1.04x10*a 2.80x10°b 4.60x10°c 5.75x10°b 1.83x10*b 3.28x10°ns 9.37x10°a 1.21x10°ns

PD15 570x105ns 5.12x10*c  9.30x10%°a 4.20x10°b  6.60x10%b 1.18x10*b  3.90x10*b 1.25x10*ns 1.60x10*b  1.17x10°ns

236x10°ns 6.32x10*b  1.16x10*a 1.06x10*b  8.40x10°b  7.99x10°b 3.93x10*b 4.24x10*ns 1.40x10%a 5.20x10%ns

PD18
BM 5.93x10%ns 2.26x10*d 124x10*a 1.80x10°a 1.08x10*a 2.63x10°a 1.09x10°a 3.46x10%*ns 0.00c 1.17 x 10°ns
™ 3.00x10%ns 8.92x10%*a 2.90 x 10%b 240 x 10% b 2.00x 10%d 578x10%b 1.20x10*b 350x10%ns 4.93x10°b 1.16x10°ns

Means followed by the same letter do not differ statistically through the Scott-Knott test (p < 0.05).
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Fig. 4. Principal component analysis between physical, chemical, biochemical and biological
attributes of no-till soil (PD) in different chronosequences (PD11, PD15 and PD18 years) and in
a natural area not cultivated under microrelief murundu fields (BM - mound base and TM -
mound top). Microbial biomass carbon (MBC); Soil basal respiration (RBS); Urease; fluorescein
diacetate hydrolysis (FDA); Total heterotrophic bacteria; Actinobacteria; Total Fungi; Nitrogen-

fixing bacteria (NFB and FAM); Nitrifiers; Ammonifiers; Phosphate solubilizers (Nbrip and
GES).

Table S1: Eigenvalues of principal component analysis between physical, chemical, biochemical
and biological attributes of no-till (PD) soil in different agricultural chronosequences (PD11,
PD15 and PD18 years) and in a natural non cultivated area situated under microrelief murundu
fields (BM - mound bases and TM - mound tops). Microbial biomass carbon (MBC); Soil basal
respiration (RBS); Urease; fluorescein diacetate hydrolysis (FDA); Total bacteria; Total
actinobacteria; Total Fungi; Nitrogen-fixing bacteria (NFB and FAM); Nitrifiers; Ammonifiers;



Phosphate solubilizers (Nbrip and GES). The indicators with highest explanation proportions are
in bold (> 0.6).

PC1 PC2
Eigenvalue 12.02 4.34
Explained Proportion 41.45 14.97
Cumulative Proportion 41.45 56.43

Scores

COT 0.51 0.34
MBC -0.29 0.07
RB 0.54 -0.16
Bacteria 0.23 0.64
Fungi -0.21 0.65
Actinobacteria 0.02 -0.80
Cellulolytics 0.41 0.37
NFB 0.01 0.13
FAM 0.41 0.61
Nitrifiers -0.43 -0.21
Ammonifiers 0.14 0.11
Nbrip 0.70 0.50
GES 0.13 0.62
pH -0.84 0.35
Urease 0.82 -0.09
FDA 0.01 -0.17
P -0.88 0.17
K -0.82 0.22
Ca -0.91 0.22
Mg -0.91 0.21
Al 0.91 -0.22
B -0.89 0.09
Fe 0.13 -0.34
Mn -0.80 0.16
Cu -0.07 -0.57

Zn -0.81 0.13



Clay -0.83 -0.30
Silt 0.85 0.27
Sand 0.54 0.25




Declaration of interests

The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

CThe authors declare the following financial interests/personal relationships which may be considered
as potential competing interests:



https://www.researchgate.net/publication/363400634

