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SUMMARY

Nitrogen is the main limiting factor in crop productivity and thereby soil
management systems may change the mineralization and nitrification rates.  In an
experiment on soil management systems implemented in 1988 at the experimental
station Fundação ABC, Ponta Grossa, in the central South region of the State of
Paraná, inorganic N dynamics were examined to find a soil management strategy
with a view to a sustainable environment.  The objective of this study was to calculate
the net mineralization and nitrification rates of soil N and the correlation with soil
pH under management systems.  Randomized complete block design was used, in
split plots, in three replications.  The following soil management systems (SMSs)
were adopted in the plots: 1) conventional tillage (CT); 2) minimum tillage (MT); 3)
no-tillage with chisel plow every three years (NTCH); and 4) continuous no-tillage
(CNT).  To evaluate the dynamics of inorganic N, samples were collected from sub-
plots at different times (11 sampling times - T1 to T11).  In the CNT and NTCH, the
net mineralization rates were higher in the MT and CT systems in the 0–2.5 cm soil
layer, while the nitrification rate was higher in the 2.5–5 cm layer.  Soon after
implementing the white oat management, the mineralization and nitrification rates
in all soil layers were higher in the MT and CT systems.  In the period of soybean
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development, in the 0–2.5 and 2.5–5 cm soil layers, the mineralization and
nitrification rates were higher in the CNT and NTCH than in the MT and CT systems.

Index terms: conservation systems, no-tillage, conventional tillage, soil pH.

RESUMO:     DINÂMICA DO NITROGÊNIO EM SISTEMAS DE MANEJO DO
SOLO. II - TAXAS DE MINERALIZAÇÃO E NITRIFICAÇÃO

O nitrogênio é o principal fator limitante na produtividade das culturas e sistemas de
manejo do solo podem alterar as taxas de mineralização e de nitrificação. Em experimento
sobre sistemas de manejo do solo implantado em 1988, na Estação Experimental da Fundação
ABC, de Ponta Grossa, região Centro-Sul do Estado do Paraná, foi realizado um estudo sobre
a dinâmica do nitrogênio inorgânico, visando contribuir para a estratégia de manejo dos solos
que conduzam à sustentabilidade ambiental.  O objetivo deste trabalho foi calcular as taxas
líquidas de mineralização e nitrificação do N no solo e a correlação com o pH do solo, afetados
por sistemas de manejo.  O delineamento experimental utilizado foi o de blocos completos ao
acaso, em esquema de parcelas subdivididas com três repetições.  As parcelas foram constituídas
pelos seguintes SMS: 1) preparo convencional (PC); 2) preparo mínimo (PM); 3) plantio direto
com escarificação a cada três anos (PDE); e 4) plantio direto permanente (PDP). Para avaliar
a dinâmica do N inorgânico, as subparcelas foram constituídas pelo tempo de coleta (11
tempos de coleta – T1 a T11).  Nos sistemas PDP e PDE, as taxas líquidas de mineralização
foram superiores às de PM e PC, na camada de 0–2,5 cm do solo, enquanto na camada de 2,5–
5 cm a taxa de nitrificação foi maior.  Logo após o manejo da aveia branca, as taxas de
mineralização e nitrificação, em todas as camadas do solo, foram maiores no PM e no PC.  No
período de desenvolvimento da cultura da soja, nas camadas de 0–2,5 e 2,5–5 cm do solo as
taxas de mineralização e nitrificação foram superiores nos sistemas PDP e PDE.

Termos de indexação: sistemas conservacionistas, plantio direto, cultivo convencional, pH do
solo.

INTRODUCTION

Nitrogen is one of the main limiting factor of crop
productivity, and many studies have sought
possibilities to reduce the need for N application and
extend the period of availability to plants.
Conservation systems are tailored to achieve these
objectives based on a set of techniques to improve soil
conditions, namely, no tillage combined with crop
rotation and the use of soil cover crops for straw
production, thereby raising the total N level in the
top soil layers (Punormo et al., 2000, D’Haene et al.,
2008, Weber & Mielniczuk, 2009).

According to Amado et al. (1999) and Sá et al.
(2001), the reduction of soil mobilization intensity
improves total N accumulation in the top soil layer in
the conservation systems, compared to conventional
tillage (CT) systems, reducing losses through
immobilization and gradual release of the nutrient
by microorganisms, which is interesting from the
point of view of biological activity and reduction of
environmental risks.

Due to the complexity of N dynamics in the soil,
the mineralization and nitrification rates are
considered indicators of fertility.  According to
Purnomo et al. (2000) and Siqueira Neto (2003), the
higher net N mineralization and nitrification rates
and greater quantities of ammonium (NH4

+) in the

0–2.5 cm layer of the no-tillage system (NT) are
associated with the crop residues left on the soil
surface.

The quantity and quality of residues are influenced
by the soil pH, an important factor in the process of
soil organic matter (SOM) mineralization.  This
process is exclusively microbiological (Silva et al., 1994)
and can limit the nitrification rates and distribution
of N-NH4

+ and N-NO3
- in the soil profile (Camargo et

al., 1997; Rosolem et al., 2003).  Climatic conditions
are also critical factors that commonly determine the
transformation of SOM and, consequently,
mineralization and nitrification of soil N (Sierra,
1997).  Variations in temperature and moisture modify
the behavior of soil N and may significantly affect its
availability at the soil surface (Punormo et al., 2000).

The objective of this study was to determine the
net mineralization and nitrification rates of N in the
soil and their relationship to pH in long-term
experiments in areas under different management
systems to contribute to strategies for environmental
sustainability.

MATERIALS AND METHODS

The experiment was conducted at the ABC
Foundation Experimental Station, in areas where soil
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management systems (SMSs) had been adopted as of
1988.  The experimental station is located in the
municipality of Ponta Grossa, State of Paraná, on the
second plateau, in the central South region of the State
(25°20’ S and 50º20’ W, 980 m asl).  The climate of
the experimental area is humid subtropical (Cfb -
Köppen classification), with cool summers and frost
in winter.  Average annual rainfall and temperature
are 1545 mm and 20 °C, respectively (IAPAR, 1994).
To understand changes in the N dynamics and their
relationship to the evaluated properties, the climatic
conditions during the sampling period were analyzed
based on the historical cycle of the region (Figure 1).

The soil was classified as typical Red Latosol
(Embrapa, 2006), and is deep, well-structured and
drained, with a clayey texture.  The soil was derived
from reworked sandstone material from the Furnas
formation and shale from the Ponta Grossa formation,
of the Devonian Period.  In October 2003, soil samples
were collected from the 0–2.5, 2.5–5 and 5–10 cm
layers for soil fertility analysis.  The samples were
air-dried, homogenized and sieved through 2 mm
mesh for subsequent analysis of pH, Ca2+, Mg2+ and
Al3+ (extracted with KCl), H+ + Al3+, K+ and P (extracted
by Mehlich-1) according to Embrapa (1997) (Table 1).

A randomized complete block design was used in a
subdivided plot scheme with three replications.  The
plots consisted of the following SMSs: 1) conventional
tillage (CT), by subsoiling to a depth of 20 cm followed
by two disk harrowings; 2) minimum tillage (MT), by
a chisel plow reaching to a depth of 30 cm followed by
disk harrowing; 3) no-tillage with chisel plow (NTCH),
which consisted of direct planting on crop residues
left on the soil surface plus chisel plowing to a depth
of 30 cm every three years; and 4) continuous no-
tillage (CNT), consisting of continuous direct planting
on crop residues left on the soil surface.  To evaluate
the inorganic N dynamics, samples were collected from
subplots on 11 sampling dates (T1 to T11).  The

dimensions of each experimental unit were 8.3 x 25 m,
totaling 2500 m2.  To estimate the residue input into
the soil by each SMS, the yield of the crops planted
during the experiment (soybean in the 2003/2004 and
wheat in the 2004 growing seasons) are presented
(Table 2).

Figure 1. Monthly rainfall distribution (bars) with
maximum (  Tmax) and minimum (  Tmin)
temperatures. Historical data for Ponta Grossa
(a) and for the period from January 2003 to
October 2004 (b).

Table 1. Chemical characterization of the soil under the different soil management systems (SMSs) before
the beginning of the experiment

(1) CNT: continuous no-tillage; NTCH: no-tillage with chisel plow; MT: minimum tillage; and CT1 conventional tillage.
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The study was initiated on white oat residues
(Avena sativa - Variety OR3), which were cut and
chopped with a knife roller, began in October 2003.
In the same period, the soil in the CT treatment was
turned over by plowing, followed by two disk
harrowings, and in the MT treatment, chiseling was
applied followed by two disk harrowings.  On
November 10, 2003, soybean (Glycine max) variety
CD-206 was sown with 0.4 m spacing between rows
and an average of 14 plants per meter.  For base
fertilization, 160 kg ha-1 of the fertilizer NPK 0–25–
25 were used.

Table 2. Soybean (harvest 2003/2004) and wheat
(harvest 2004) yield in the experimental area
under continuous no-tillage (CNT), no tillage
with chisel plow (NTCH), minimum tillage (MT)
and conventional tillage (CT)

In May 2004, before sowing wheat (Triticum
aestivum), the soil was prepared for the CT and MT
treatments, as described above.  The wheat variety
CD-105 was sown on June 2, 2004, with in rows spaced
0.17 m apart, at a sowing density of 140 kg ha-1.  The
fertilizer (8–30–20 NPK) was applied in the planting
furrow at 300 kg ha-1, and N in the form of urea was
used as top dressing at 90 kg ha-1 N during the full
tillering stage in the form of urea.

To determine the net mineralization and
nitrification rates as well as the moisture and soil
pH, 11 soil was sampled at depths of 0–2.5, 2.5–5 and
5–10 cm, from October 2003 (immediately after white
oat management) to September 2004.  The samples
from the 0–2.5 and 2.5–5 cm layers were collected
using a spatula.  Three subsamples collected from
each plot were mixed to a composite sample of the
cited plots and depths.  For the 5–10 cm layer, the
samples were collected with a stainless steel 2.0 cm
internal diameter probe (Bravifer®, Piracicaba-SP).

The soil samples for determination of the soil
inorganic N (N-NH4

+ and N-NO3
-) were prepared

immediately upon arrival at the laboratory on the day
of the collection.  The roots were removed from the
soil samples, and the inorganic N concentration was

Table 3. Soil pH (in water) as a function of the soil management systems (treatments) in the layers 0–2.5, 2.5–
5, 5–10 and 10–20 cm, from October 2003 to September 2004

(1) The following abbreviations are used: CNT, continuous no-tillage; NTCH, no-tillage with chisel plow; MT, minimum tillage; and
CT, conventional tillage. (2) Capital letters in the rows comparing soil management systems and lowercase letters in the columns
comparing collection times indicate values that do not differ among themselves by Student’s LSD test (p < 0.1).
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determined in soil extracts prepared by extraction with
a 2 mol L-1 KCl solution for 24 h, at a soil:solution
ratio of 5:1.  These extracts were filtered and stored
in closed flasks with 0.5 mg L-1 mercury phenyl
acetate (time = 0 days of incubation) to inhibit
nitrification.  Next, approximately 100 g of soil was
incubated for seven days at room temperature in the
laboratory for another KCl extraction (time = seven
days of incubation), as described for time = 0 (Piccolo
et al., 1994).  A sample of approximately 5 g of soil
was dried to constant weight at 105 ºC for gravimetric
moisture determination.

The N-NH4
+ and N-NO3

- concentrations in the
extracts (t = 0 and t=7 days) were determined by an
automatic continuous flow injection system (FIA), as
described by Alves et al. (1994), coupled to a digital
spectrophotometer (Micronal®, B342 model).

The net N mineralization rate was calculated as
the variation in the N concentration (N-NH4

+ + N-
NO3

-) during incubation (t7–t0) (Equation 1).  The net
N nitrification rate corresponds to the final subtracted
from the initial N-NO3

- content during the incubation
period (Equation 2).  The net mineralization and
nitrification rates were expressed in kg ha-1 day-1 with
a correction for the density of the different layers in
the soil profile.

     (1)

 (2)

Due to human error, in September 2004, the N-
NH4

+ reading was lost.  Therefore, the mineralization
rates were calculated and shown only until August
2004.

The soil pH was determined in water, using a
soil:water ratio of 1:2.5 and a 10 min shaking time
(Embrapa, 1997).

The results were subjected to analysis of variance
(ANOVA), and depending on the significance level,
the Student’s t-test and one-way ANOVA followed by
Least Significant Difference Test (LSD) post hoc
analysis was used to compare means at the 5 %
significance level (p < 0.05) to detect differences
between the treatments.

RESULTS AND DISCUSSION

Net mineralization and nitrification rates

The average net soil N mineralization and
nitrification rates differed significanctly between the
SMSs.  In the treatments with CNT and NTCH
management, the mineralization rate in the 0–2.5 cm

layer was higher than in the MT and CT systems,
while the nitrification rate was higher in the 2.5–
5 cm layer (Figures 2 and 3).  According to Groffman
(1984), elevated nitrification rates can be attributed
to the accumulation of labile organic compounds
combined with a much slower and more continuous
process of organic N mineralization (Alvarez et al.,
1998).  Muruganandam et al. (2010) also reported
higher N mineralization and nitrification rates in a
NT than a CT management.  They found that the
high rates of N transformation in NT were related to
the greater microbial population in this system.
Muruganandam et al. (2009) suggested that NT also
increases the activity of enzymes involved in N
mineralization due to the increased proportion of
fungus in the microbial community in this system.
The lower mineralization and nitrification rates in
the CT system can also be explained, in part, by a
more accelerated decomposition due to the more

Figure 2. Net mineralization rates in the 0–2.5, 2.5–5
and 5–10 cm layers under continuous no-tillage
(CNT), no-tillage with chisel plow (NTCH),
minimum tillage (MT) and conventional tillage
(CT) from October 2003 to August 2004. The
results represent the average ± the error.
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intense attack of microorganisms on the incorporated
organic material and the shorter period of N
mineralization (Souza & Melo, 2000).

In the 5–10 cm layer, the mineralization and
nitrification rates did not differ between the
management systems (Figures 2 and 3).  This finding
demonstrates that the transformation processes are
closely related to the upper centimeters of the soil,
which are more influenced by the crop residues.
Additionally, soil layers are stratified, and the SOM
content decreases from the surface to the deeper
layers.

In October 2003 (the first month of evaluation),
the mineralization and nitrification rates were higher
in the MT and CT systems in all layers, although
differences were only observed in the 2.5–5 cm layer
(Figures 2 and 3).  This increase in the mineralization
rate is associated with soil tilling after the winter crop
in these management systems, increasing the
decomposition of organic material and N nitrification
(Sá, 1993).  Under other climatic conditions,
Drinkwater et al. (2000) observed N mineralization
over a shorter period and the possibility of leaching of
this mineralized N during rainy periods.

In contrast, in the CNT and NTCH management
systems, lower mineralization and nitrification rates
were observed.  In this period, soybean followed the
white oat crop with a high phytomass C/N ratio,
suggesting temporary N immobilization by the
microorganisms.  This observation is relevant because
this crop combination is widely used by farmers in
southern Brazil.  Green & Blackmer (1995) and Jiggou
& Bakken (1997) observed a significant potential for
N immobilization in the soil with the application of
crop residues with a high C/N ratio in the early stages
of soybean development.  In this stage, soybean
absorbs N from the soil for its initial development,
until N-fixing organisms form root nodules that
provide N for the crop development.

From January to April 2004, the mineralization
and nitrification rates were higher in the conservation
systems than under CT in the 0–2.5 and 2.5–5 cm
layers (Figures 2 and 3).  In this period, these rates
can be associated with the phytomass of the preceding
crop left on the soil surface and leaf drop from the
plant lower third due to senescence.  These leaves are
more easily degradable (lower C/N ratio) due to their
higher content of protein, amino acids, nucleic acids
and other easily decomposable compounds (Mengel,
1996).  Furthermore, factors such as higher
temperature and pH and the maintenance of
appropriate soil moisture in the conservation systems,
even with low rainfall (Figure 1), favor the soil
microbiota, which raises the N quantity (Groffman,
1984; Amado et al., 2001; Sá et al., 2001).  Thus, Liebig
et al. (2002) observed greater nutrient cycling
efficiency and the potential for soil N mineralization
in crop sequences involving leguminous plants.

In February 2004, four months after starting
evaluations, higher net mineralization and
nitrification rates were observed for the NTCH
management system than for the other SMSs in the
0–2.5 cm layer (Figures 2 and 3).  In this month, the
amount of rainfall was one of the lowest of the
evaluation period and much lower than the historical
average recorded in the region (Figure 1).  The soil of
the NTCH treatment had been chiseled two years
earlier, and the rearrangement of the soil structure
had probably not been consolidated in that period (Six
et al., 1999), leaving empty spaces and macropores
and favoring the development of microbial biomass
niches, resulting in higher net mineralization and
nitrification rates (Venzke-Son, 1999).

Although the soil preparation for the MT and CT
plots was completed in May 2004, no significant

Figure 3. Net nitrification rates in the 0–2.5, 2.5–5 and
5–10 cm layers under continuous no-tillage
(CNT), no-tillage with chisel plow (NTCH),
minimum tillage (MT) and conventional tillage
(CT) from October 2003 to August 2004. The
results represent the average ± the error.
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differences in the mineralization and nitrification rates
were observed between the SMSs in any of the layers
(Figures 2 and 3).  This can be explained by the fact
that sampling was carried out one day after soil
management and by the marked temperature drop
in the period (Figure 1) and high rainfall in the days
before.  In this case, the microbial activity to
decompose the post-harvest soybean residues was not
stimulated, and the high rainfall observed in this
month may also have inhibited the decomposer activity
and caused leaching, mainly of N-NO3

- (Drinkwater
et al., 2000).

In June, the mineralization and nitrification rates
were higher in the conservation systems in the 0–
2.5, 2.5–5 and 5–10 cm layers, although the difference
was only observed in comparison with the CNT system
in the 2.5–5 cm layer (Figures 2 and 3).  The lower
nitrification rate in CT may have been due to lower N
availability in the system, which would have caused
a temporary immobilization of this N in the microbial
biomass after wheat fertilization at sowing.

In July, nitrification rates in the MT and CT were
higher than in the CNT and NTCH systems (Figure 3).
In this month, in addition to the previous N
fertilization at sowing, topdressing was applied
(200 kg ha-1 urea), according to Green & Blackmaer
(1995).  The immobilization period tends to decrease
with increased fertilization, suggesting an increase
in N in the biomass of the MT and CT systems.
Moreover, better soil aeration and moisture conditions
due to higher rainfall in this month than the previous
raised the nitrification rate, demonstrating the activity
of the nitrifying microorganisms in the soil.
Reinertsen et al. (1984) and Mansson & Falkengren-
Grerup (2002) also showed that the addition of N
stimulates the decomposition of soil incorporated
residues.

In July 2004, the mineralization rates in the 0–
2.5 cm layer decreased in the MT and CT compared
to the CNT and NTCH systems.  In the 5–10 cm layer,
the mineralization rate was lowest in the CT system,
but did not differ from the other management systems
(Figure 2).  These lower rates probably occurred due
to the immobilization of N fertilizer by soil
microorganisms, which influenced the mineralization
of organic N negatively, supporting the results of
Carpenter-Boggs et al. (2000), obtained in crop rotation
systems involving corn and soybean.

One month after side dressing (August 2004), the
mineralization and nitrification rates were not
significantly different between the SMSs, although
the nitrification rate was still reduced (Figure 3).
Rapid nitrification of the fertilizer within 30 days was
observed, although the soil was sampled only once in
this month.  Thus, the N use efficiency of wheat was
low, when applied in large amounts.  In September
2004, one of the lowest nitrification rates was observed
in all evaluated layers (Figure 3), correlated with the
reduced rainfall (August and September 2004) that

may have interfered with the nitrification activity of
the microorganisms.  Robertson & Groffman (2007)
reported that microbial activity is directly related to
temperature and soil moisture, which increases with
temperature and reaches an optimum level at
intermediate moisture.  In this case, the limiting
factor for microbial activity under low rainfall would
be the lack of water; however under high rainfall, the
limiting factor would be the lack of air as the soil
becomes waterlogged.

Flow of mineral N in relation to soil acidity

Comparing the averages of each evaluated month,
the pH differed between the SMSs in the 0–2.5 cm
layer, with a higher value in the CNT than in the
other systems (Table 3).  In the other layers, there
was a marked difference between the pH values of
the CNT and the other management systems;
however, due to the elevated CV (%), there was no
statistical difference.  These higher pH values in the
CNT system agree with the findings of Muzilli (1983)
that the pH value in NT was equal to or higher than
the value in the CT system, notably in the top 5 or
10 cm of the soil.

This fact can also be explained by the action of
lime, which is normally restricted to the surface soil
layers (Caires et al., 1998), by the greater
accumulation of organic material in the soil (Sá, 1993;
Sá et al., 2001) due to the less oxidative environment
and reduced contact of plant residues with the soil,
by the contribution of organic matter of up to 90 % of
the exchange capacity in the acidic soils of Paraná
(Pavan et al., 1985), increasing the H+ neutralization
capacity, and by the hydrosoluble organic substances
released in the initial period of decomposition
(Franchini et al., 1999).

The increased pH in the CNT system may have
contributed to the higher average monthly
mineralization and nitrification rates in the 0–2.5 cm
layer in this system compared to MT and CT (Table 4).
According to Adams & Martin (1984) and Silva et al.
(1994), the nitrification rate decreases at pH under
6.0 and is insignificant at a water pH below 4.5, which
was not observed in this experiment.  In the layers
underneath, the differences in the mineralization and
nitrification rates were less clear, especially between
the conservation systems, which can be attributed to
the lower concentration of plant residues in these
layers than in the 0–2.5 cm layer.

In June 2004, a lower pH value was observed in
all layers (Table 3).  This reduction of the pH values
can be explained by the high rainfall in May 2004 (>
200 mm) (Figure 1), resulting in leaching of
exchangeable bases (K+, Ca2+ and Mg2+) and
substitution by elements such as H+ and Al3+.  The
pH reduction may have contributed to reduce the
mineralization and nitrification rates (in the monthly
averages) in the 0–2.5 cm soil layer of the management
systems (Table 4).
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CONCLUSIONS

1. The inorganic N transformation processes are
closely related to the upper centimeters of the soil and
are influenced by the presence of crop residues on the
surface.

2. Lowest mineralization and nitrification rates in
the systems without soil tillage occur shortly after
the management of white oat.

3. Nitrogen fertilization (with urea) of wheat
following soybean increases the net nitrification rates,
making higher amounts of N-NO3

- in the soil
available.

4. Higher rainfall combined with elevated
temperatures increases mineralization and
nitrification rates, even in no-tillage systems in which
crop residues are left on the surface.
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