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Abstract

Land use and management systems are factors that control availability and nitrogen (N)
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forms in soil environment. The aim was to evaluate the inorganic N fractions dynamics in soil
under different use and management systems in Brazilian Eastern Amazon conditions. Soils
were sampled at depths of 0.0-0.1 and 0.1-0.2 m in areas under pasture (PAST), no-tillage
(NT), conventional tillage (CT) and a reference area under fallow vegetation (FV). In the
samples, soil organic matter (SOM), total-N, ammonium (N-NHs") and nitrate (N-NO3’)
contents were determined and the urease enzyme activity was measured. In CT and NT the
SOM contents were similar to those found in FV, with an average of 36.7 g kg, while under
PAST there was a 16.6% reduction when compared to the reference area. The total-N levels
followed the same dynamics found for SOM. The ammonium concentration was 2.4 times
higher in soils under FV (14 mg kg*) when compared to other systems and nitrate followed
the order NT> CT> FV=PAST. The pasture (44 g N-NH4* g soil h*t), among soils for
agricultural use, induced the highest ureolytic activity. The preserved soil conversion from
native forest to pasture caused a 16.6% reduction in the SOM contents and 55.5% and 46%
for ammonium and nitrate, respectively. On the other hand, the NT system has the capacity to
accumulate SOM in a similar way to the area of native vegetation studied, as well as a high
capacity to retain N in the soil, preferentially in the nitrate form.

Keywords: N dynamics, soil environment, agricultural use, ureolytic activity
1. Introduction

Nitrogen (N) is one of the nutrients most required by plants, due to their participation in the
molecules composition such as proteins, nucleic acids and chlorophyll, which are
indispensable to the metabolic plant organisms processes (Webster et al., 2016).

In soil, the N total amount, in general, varies between 0.05% and 0.5%, linked to several
organic compounds, and in soils of tropical climates this variation occurs between 0.02% and
0.4 % or until 2% (Rangel; Silva, 2007; Siqueira Neto et al., 2010). The soil N stocks, mainly
in agricultural systems, depends on the balance between the increased amounts via
atmospheric N2 biological fixation, nitrogen fertilization and N-organic mineralization and
the losses caused by processes such as leaching, volatilization and harvest export (Hungria,
2018).

The N fraction predominantly found in the soil is complexed in the organic form, this fraction
being a N labile forms reservoir, while less than 5% corresponds to the inorganic fractions in
the ammoniacal (NH4*) and nitric (NO3) forms, which are the forms readily available to
plants and which originate, during cultivation, through enzymatic hydrolysis produced by the
activity of soil microbiota and/or nitrogen fertilizers application (Cordeiro & Hoek, 2007).
These two forms are still conditioned to mineralization and immobilization processes
(Cantarella, 2007; Fageria; Baligar; Jones, 2011).

During mineralization, biological conversion from organic N to inorganic N form occurs and
it is estimated that annually this transformation does not exceed 3% of the soil total N,
justifying the need for nitrogen fertilizers for compensation in areas of agricultural interest.
On the other hand, immobilization is the process inorganic N assimilation by microorganisms
in the soil, which results in the reduction of available N forms (Campana, 2008).
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The availability and N forms found in the soil can also be a pronounced effect of the soil
organic matter (SOM) dynamics, which constitutes the active and potentially mineralizable
fraction and is closely related to the N cycle (Lourente et al., 2016). Therefore, in soils under
preserved vegetation conditions such as forest soils, for example, it may be a favorable
environment for maintenance N, since in these soils there is continuous and diversified litter
deposition and absence of soil preparation that maintains stable state in the SOM additions
and losses in this system. However, in altered areas, depending on the use and management
system adopted, behavior different from the contents of the SOM may occur.

\ MacrOthi“k Journal of Agricultural Studies

In no-tillage system (NT), the maintenance of cultural residues on the soil surface added to
the non-revolving soil favors the increase in the SOM contents over time (Lisboa et al., 2012).
In contrast, under conventional tillage (CT), the losses of the original SOM stocks, after 23
years of system implantation, can reach 50% (Bayer et al., 2003). In pasture environments, in
the first 0.3 m of the soil there may be an increase in the SOM supply arising from the root
system of the forage plants used.

Previous studies carried out in Amazon soils on N fractions in different agricultural systems
investigated, in particular, total N (Silva J(nior et al., 2018) and microbial N (Arag&o et al.,
2012; Lopes et al., 2015) for evaluation of the biological response given by the microbiota.
The inorganic N fractions determination can help to better understand the potential N
availability. The aim was to evaluate the inorganic N fractions dynamics in the soil under
different use and management systems in Brazilian Eastern Amazon conditions.

2. Material and Methods
2.1 Description of the Study Site

The study was carried out at in a farm in the municipality of Paragominas, southeastern Parg
Brazilian eastern amazon, under the coordinates 02°55°24” S and 47°34°36” W at
approximately 200 meters above sea level. The farm contains 1.379 hectare (ha) of arable
area, composed of 695.6 ha of legal reserve area and 913.9 ha of alternative land use.

The region has a rainy tropical climate, Awi-type according to classification of K&open, with
an expressive drought period and the beginning of the rainy season in December, extending
until May, with less water availability between June and November. The average precipitation
and average annual temperature is 1.800 mm (average in thirty years) and 26.6 <€,
respectively (Rodrigues et al., 2003). The soil was classified as Yellow Oxisol, very clayey
texture, with a flat, gently undulating relief characteristic of the region.

2.2 Area Characterization and Soil Sampling

The use and management systems considered in this study included an area under pasture
(PAST), conventional tillage (CT), no-tillage (NT) and an area under fallow vegetation (FV),
for comparison purposes. The descriptions of the areas are detailed in Table 1.

34 http://jas.macrothink.org



- Journal of Agricultural Studies
A\\Mac_rothlgk ISSN 2166-0379
Institute 2020, Vol. 8, No. 4

Table 1. Descriptions of areas with different soil use and management

Soil use and Description
management system

Pasture Pasture with Brachiaria brizhanta, with 7 years of implantation.

In 2002 the area was occupied by Brachiaria decumbens pasture and in
2013 the area was replaced by a no-tillage system with soybean
No-tillage (Glycine max).

In 2009 the area was occupied by the no-tillage system and in 2014
Conventional tillage conventional tillage with soybean was implemented.

Former rubber plantation, with approximately 35 years in natural
regeneration, used as a comparative area to those under the tillage and
Fallow vegetation  use systems.

Soil sampling was carried out in May 2015, at the end of the rainy season. In all areas,
samples were collected at depths 0.0-0.1 and 0.1-0.2 m, with five replications. Twenty
randomly collected subsamples were obtained to form a composite sample in each plot of all
evaluated areas. Then, the samples were kept in a refrigerated environment and remained in
this condition until the time of the tests. Subsequently, the soil was sieved in a 2 mm mesh,
removing the plant fragments and prepared for analysis.

2.3 SOM Determination and N Fractions Quantification

Soil organic matter (SOM) was determined by the Walkey and Black (1934) method and the
soil total nitrogen (total-N) was estimated by the Kjeldahl method by steam distillation. The
soil inorganic-N (N-NOsz™ and N-NH4") extraction was carried out according to the
methodology described by Cantarella and Trivelin (2001), which consists of the extraction
using KCI solution (1M). The determination in the extracts was performed by the colorimetric
method according to the simplified methodology proposed by Keeney (1982) and the salicylate
method by Yang et al. (1998) for the N-NH4" and N-NOs™ concentrations, respectively.

2.4 Urease Activity

The urease activity was determined by the method described by Tabatabai & Bremner (1972),
which is based on the ammonia released determination after incubating the soil with a
solution of urea, for two hours, at 37 €. The result is expressed in g of N-NH4" per gram of
dry soil per hour.

2.5 Data Analysis

Statistical analyzes were performed with the aid of the STATISTICA version 10.0 program.
The data for all treatments were tested for normality using the Shapiro Wilk test. Analysis of
variance (F test) was performed to determine the effect of different soil use and management
systems and depth on soil N levels and forms, urease activity and SOM. When significant,
means were compared by Scott Knott test at 5% probability
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3. Results and Discussion
3.1 Soil Organic Matter (SOM) and Total-N

The SOM levels were higher in the superficial layer (0.0-0.1 m) and reduced, on average,
30% with the increase in depth in most systems, except in soils under CT, which showed no
difference between the layers (p<0.05). In the shallower layer (0.0-0.1 m), the SOM contents
were similar between the systems, while in the subsurface layer (0.1-0.2 m) the highest SOM
levels were recorded in soils under CT and NT, followed by FV and PAST, which did not
differ significantly from each other (Table 2).

Table 2. Soil organic matter (SOM) levels (g kgt) in two depths under fallow vegetation (FV),
conventional tillage (CT), no-tillage (NT) and Pasture (PAST) in Brazilian Eastern Amazon

Use and management system of soil

Depth (m) FV CT NT PAST Mean
0.0-0.1 4413Aa  4101Aa 4068Aa 3517Aa 40.25A
0.1-0.2 2756Bb  3550Aa 31.20Ba 24.63Bb 29.72B

Mean 35.85a 38.26 a 35.94 a 29.90 b 34.99

Means followed by the same uppercase letter in the column and lowercase letter in the row do
not different by Scott-Knott test at 5% probability level.

The SOM contents alterations in layers can be related by the isolated influence or several
factors sum, with emphasis on the cultural residues accumulation on the soil surface, the
growth and organic acids exudation from the roots and soil revolving. In areas under CT, a
lower SOM contents is commonly observed in superficial layers in relation to lower depths,
due to the fact that the first layers are more susceptible to oxidation and loss of C in this
system; and more uniform vertical distribution when compared to the NT. This is mainly the
result of the turning of the soil arable layer in the CT, making the SOM levels, at greater
depths, be similar or even higher than in the NT system (Ussiri & Lal, 2009).

In general, regardless of the evaluated layer, in PAST environments (29.90 g kg™) the lowest
mean SOM levels were found. Although several studies (Silva & Mielniczuk, 1997; Costa et
al., 2000; El-Husny, 2010) show that pasture areas, especially with Brachiaria brizantha
(Cerri; Feigl; Cerri, 2008) tends to stock C in the soil, due to the great part of the root system
of the grasses to be concentrated in the first meters of the soil (approximately 0.4 m), which
guarantees an SOM greater contribution, in this study this behavior was not observed. Thus,
one must consider the quality of the organic material deposited particularities in the soil, such
as lignin contents and C/N ratio (Coleman et al., 1989).

The total-N levels under the different systems in two depths evaluated ranged from 0.6 to
2.38 g kg* (Table 3). The SOM is the soil N main source and, therefore, a large portion of the
soil total-N is in organic form (Silva & Mendon@, 2007; Aratani et al, 2009). Thus,
obviously, the soil total-N levels presented similar SOM dynamics, with greater amounts in
the 0.0-0.1 m layer and a reduction of until 42% with increasing depth, except in soils under

36 http://jas.macrothink.org



ISSN 2166-0379

\\ Macrothi“k Journal of Agricultural Studies
A Ins'titu'te " 2020, \Vol. 8, No. 4

CT, not being observed significant difference between layers in this system. In the 0.0-0.1 m
layer, the systems showed no difference in the total-N contents, while the total-N levels in the
lower layer were higher in soils under CT (1.80 g kg™) and NT (1.44 g kg*) and smaller
under FV (1.01 g kg*) and PAST (0.6 g kg™).

3.2 Inorganic N

The ratio of inorganic N fractions study, in addition to revealing the N form that
predominates in the soil, assists in the events evaluation that occur most frequently under
different uses and management systems, and may reveal from the greater role of nitrifying
microorganisms to greater organisms community activity that perform nitrate to ammonia
dissimilar reduction.

Ammonium concentrations in soils ranged from 5.17 to 17.53 mg kg*, with a significant
decrease between layers only in soils under FV (Table 3). This variation, in a FV environment,
corresponded to a significant reduction of 1.6 times in the ammoniacal N amount in the soil
in the 0.1-0.2 m layer in relation to 0.0-0.1 m. In the two layers evaluated (0.0-0.1 and 0.1-0.2
m), ammonium concentrations was similar in soils under CT (6.12 mg kg™), NT (5.40 mg
kg!) and PAST (6.40 mg kg) and lower up to 2.4 times less than the values found in the soil
under FV (14.40 mg kg™).

The NH4" ions formation is the first SOM mineralization product carried out by heterotrophic
microorganisms in reducing conditions (ammonification). However, as ammonium (NH4")
undergoes rapid oxidation to nitrate (NO3’), the assessment of the organic N mineralization is
revealed by quantifying ammonium (NHs") and also nitrate (NOs’) (El-Husny, 2010).
Normally, native vegetation areas, due to low fertility and acidity (low pH), nitrifying
microorganisms are disadvantaged, with consequent N in the ammoniacal form accumulation
(Bijlsma; Lambers; Kooijman, 2000). In their study, Poletto, Grohs and Mundstock (2008),
for example, commented on the ammonium predominance in soils under forests and in
natural pastures. EI-Husny (2010), also evaluated ammonium contents in soils under pasture
and native forest in the same region of this study at three times of the year and identified
similar behavior. Hungria (2018), found an average ammonium contents in the soil equal to
26.17 mg kg in the 0.0-0.2 m layer in soil under native vegetation which was the highest
average found when compared to soils under CT and up to 12 years of NT implantation,
showing the greater ease of environments without interference in accumulating N, especially
in the ammoniacal form when compared to areas under agricultural production.
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Table 3. Soil total N (g kg), ammonium (mg kg?) and nitrate (mg kg™) in two depths under
fallow vegetation (FV), conventional tillage (CT), no-tillage (NT) and Pasture (PAST) in
Brazilian Eastern Amazon

Use and management system of soil

Depth (m) FV CT NT PAST Mean
Total-N (g kg})
0.0-0.1 1.91 Aa 1.91 Aa 2.17 Aa 2.38 Aa 2.10A
0.1-0.2 1.01 Bb 1.81 Aa 1.44 Ba 0.60 Bb 1.21B
Mean 1.46 b 185a 181a 1.48b 1.65
Ammonium (mg kg?)
0.0-0.1 17.63 Aa 5.98 Ab 5.61 Ab 5.88 Ab 8.77T A
0.1-0.2 11.18 Ba 6.26 Ab 5.17 Ab 6.93 Ab 7.38B
Mean 14.40a 6.12b 5.38b 6.41b 8.07
Nitrate (mg kg™)
0.0-0.1 5.22 Ac 10.63 Ab 17.55 Aa 2.40 Ad 8.95A
0.1-0.2 2.80 Bb 10.15 Aa 11.20 Ba 1.92 Ab 6.52 B
Mean 401c 10.39b 1438 a 2.16 d 7.73

Means followed by the same uppercase letter in the column and lowercase letter in the row do
not different by Scott-Knott test at 5% probability level.

The soil nitrate levels ranged from 1.92 to 17.55 mg kg, with a significant decrease between
layers in soils under FV and NT (Table 3). This variation, in FV environment, corresponded
to a reduction of 46%, while in NT it was 36% of the soil N nitric amounts in the layer
0.10-0.2 m in relation to 0.0-0.1 m. In the 0.0-0.1 m layer, the decreasing order of nitrate
contents was NT> CT> FV>PAST, while in the lower layer (0.1-0.2 m) the CT and NT
systems promoted the highest levels. Regardless of the evaluated layer, the nitrate contents
followed the order NT> CT> FV, with levels under PAST not differing from those found in
FV.

In soils, nitrate can be reduced by assimilatory and dissimilatory processes, among them, the
assimilation reduction by which microorganisms incorporate nitrate into their cells, the
dissimilar reduction of nitrate to ammonium, and the denitrification of nitrate to N2 and N20,
regulated for the availability of Oz (Moreira; Siqueira, 2006; Cantarella, 2007). The induction
for the highest occurrence of one process or another is controlled or favored by several
factors, among them soil temperature, pH, humidity, microbiological activity, addition of
nitrogen fertilizers and the system of use and management adopted. Therefore, in soils under
agricultural cultivation, the highest amount of nitrate found when compared to soils that do
not receive fertilizers, such as in native forest, in addition to the relationship with the
processes mentioned above, can be associated with continuous nitrogen fertilization in these
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areas. Alfaia et al. (2008), observed that in an Oxisol, that the addition of urea increased the
levels of nitrate in the soil. S&et al. (2001) observed contributions of NT over time on the
mineral N (N-NOs™ and N-NH4") levels in the soil.

3.3 Urease Activity

The enzymatic activity conducts many functions of the soil ecosystem, acting as an important
tool in the soil quality. The urease activity, an enzyme that releases N-NH4", after urea
hydrolysis, is an important biochemical indicator in the investigation of soil quality and
assessment of the sustainability of agricultural management practices adopted (Sardans;
Penuelas; Estiarte, 2008). In soils, especially under agricultural production, the lower this
enzyme activity can result in reduced nitrogen availability in the form assimilable by plants
(Carneiro et al., 2008).

The use and management systems have a influence on the enzymatic activity of the soil. For
example, in this study, the minimum soil urease activity was 21.19 pg N-NH4* g soil h! and
maximum 55.57 pg N-NH4* g soil ht, with significant variation between systems in the
surface layer (0.0-0.1 m). In this layer, the soils under FV (55.57 g N-NH4* gt soil ht) and
PAST (49.07 g N-NH4* gt soil ht) stood out, which had similar behavior in relation to the
enzyme activity (Table 4). On the other hand, the average urease activity in the deepest layer
(0.1-0.2 m), in general, was 28.92 g N-NH4* g soil h*, with no difference between the
systems and showing a lower average in relation to to the first layer by about 27%.

Table 4. Soil urease activity (g N-NH4* gt soil h1) in two depths under fallow vegetation
(FV), conventional tillage (CT), no-tillage (NT) and Pasture (PAST) in Brazilian Eastern
Amazon

Use and management system of soil

Depth (m) FV CT NT PAST Mean
0.0-0.1 5557 Aa  21.19Ac  32.14Ab  49.07Aa 39.50A
0.1-0.2 3252Ba 2581 Aa 31.84Aa 2553Ba 28.92B

Mean 44.04 a 2350 ¢ 32.00 b 37.30a 34.21

Means followed by the same uppercase letter in the column and lowercase letter in the row do
not different by Scott-Knott test at 5% probability level.

The urease activity decrease at depths is commonly evidenced in studies exploring soils
under the same systems in different regions, including the amazon region (El-Husny, 2010;
Hungria et al., 2019). The same authors attribute this result to the factors combination such as
the SOM contents reduction in deeper layers, combined with the lack of specific substrates
and the synthesis of enzymes by root excretion in the lower layers. It is possible to suggest,
therefore, that in soil under CT the soil turning allows part of the SOM contents present in the
surface layer to be distributed homogeneously up to the first 0.3 m of the soil, and thus assist
in the greater performance of microorganisms that release these enzymes in the soil.

The highest urease activity in the soil was also found by Carneiro et al. (2008) in areas
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similar to this study, which, when investigating the enzyme under six different vegetation
coverings in a Oxisol, registered higher averages in cerrado soils, followed by pasture (7.7 g
N-NHs" g1 soil h?) in layer 0.0-0.1 m. Carneiro et al. (2009) also registered a favorable
environment for the activity of this enzyme in grazing soils. Cantarella (2007) attributes two
possible justifications regarding the better response of urease activity in soils under native
vegetation, the higher soil moisture and the higher deposition of plant residues in this system.

4. Conclusions

The preserved soil from forest to pasture conversion caused a reduction of 16.6% in the soil
organic matter contents and 55.5% and 46% for ammonium and nitrate, respectively. Areas
under no-tillage system had the capacity to accumulate soil organic matter in a similar way to
the native vegetation area, as well as a high capacity to retain N in the soil, preferentially in
the nitrate form.
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