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Stocks of carbon, total nitrogen and humic substances in soil under
different cropping systems

Estoques de carbono e nitrogénio totais nas substancias humicas do
solo sob diferentes sistemas de manejo
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Abstract

This study aimed to evaluate total carbon and nitrogen and stocks of the humic fractions of soil organic
matter under different cropping systems at the experimental farm at the Federal University at Grande
Dourados — UFGD. Soil samples were collected from two layers (0-10 and 10-20 cm) from an oxisol
with a clay texture. The systems studied were as follows: non-tillage (NTS), tillage (TS), eucalyptus
and pasture. Natural vegetation from Dourados, Mato Grosso do Sul, Brazil was used for comparison.
For statistical analysis of the C and N stocks, the model: Y = p + Ai + rep (A) ik + Eijk was used.
The replacement of TN one for CT decreased the total organic carbon and C in the stocks of humic
substances (fulvic acid, humic acid and humin) in the soil just three years after adoption, especially in
the 0-10 cm layer. However, soils under eucalyptus trees acquired increased carbon stock in the most
active fractions, such as the fractions of fulvic and humic acids (0-20 cm layer). Regardless of the
cropping system, the largest C and N stocks were measured for the humin fraction, followed by humic
acid and fulvic acid. The total N and humic and fulvic acid levels under the conditions of maintenance
of TN for 15 years increased when compared with CT, but not in soils under eucalyptus trees.

Key words: Oxisol, non-tillage, humic acid, fulvic acid

Resumo

O objetivo deste trabalho foi determinar os estoques de C e N totais nas fra¢cdes hlimicas da matéria
organica, em diferentes sistemas de manejo do solo na fazenda experimental da Universidade Federal
da Grande Dourados — UFGD. Para isso, foram coletadas amostras (0-10 ¢ 10-20 cm) em um Latossolo
Vermelho distroférrico, textura argilosa, nos sistemas de plantio direto (SPD) e convencional (SPC),
e os solos cultivados com pastagem e com eucalipto, como referéncia foi utilizado solo coletado em
area de floresta nativa, em Dourados-MS. Para andlise estatistica dos estoques de C e N foi utilizado o
modelo estatistico: Y = p + Ai + rep(A)ik + Eijk. A substitui¢ao do sistema SPD pelo SPC resultou em
perdas no COT e C das substancias humicas (acido falvico, humico e humina) no solo em apenas trés
anos de adogdo, principalmente na profundidade de 0-10 cm, todavia, quando substituido pelo eucalipto
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proporcionou aumento do estoque de C em fragdes mais ativas, como fragdes de acido humico e fulvico
(0-20 cm). Independente do sistema de manejo ou uso do solo, os maiores estoques de C e N foram para
a fragdo humina, seguida do acido himico e acido fulvico. Para o N total e N-AH e N-AF a permanéncia
do SPD por 15 anos, promoveu aumento em relagdo ao SPC, todavia ndo constatou-se essa diferencga

com eucalipto.

Palavras-chave: Latossolo, plantio direto, acidos humicos, acidos fulvicos

Introduction

Over the last few decades, new systems of
agricultural production have been developed that are
based on soil conservation, crop diversification and
the recycling of nutrients, in an attempt to balance
agricultural productivity with environmental
conservation and to improve soil by increasing
organic carbon (OCS) (BAYER, 2000). Non-
tillage techniques (NTS), by disturbing soil only
in the planting rows, and by using crop rotation
and maintaining crop residues on the soil surface,
provide for a slow and gradual decomposition of
plant materials which, coupled with the existing
mineral fractions in the soil, favor the accumulation
of soil organic matter (SOM) (SA et al., 2001).
While studying the annual accumulation of C in
cultivated soils under NTS throughout Brazil,
Bernoux et al. (2006) estimated a balance of —0.5 to
0.9 tha! year!, with a positive mean value of 0.65 t
ha'! year!' when compared with tillage systems (TS)
using soil disturbance. The differences were due to
weather, the type of plant used in the rotations, and
soil texture, among other factors.

While evaluating the effects of different cropping
systems, Siqueira Neto et al. (2009a) studied the
relationship between total carbon and the chemical
attributes of an oxisol in the cerrado region of Rio
Verde and found the highest levels of soil carbon
under an NTS (20 g kg') when compared with a
TS (15 g kg!) at least in the 0.00 to 0.40 m depth
layer of soil. Siqueira Neto et al. (2009b) studied
crop rotations under NTS and carbon sequestration
in the soils. Tibagi (PR) found that sequestration of
liquid CO, under NTS was approximately 6.0 t ha™
year!. Silva and Mielniczuk (1997) found that in
some situations where pastures had been managed

improperly, the soil under Gramineae exhibited
the lowest C stocks when compared with native
vegetation. Nevertheless, in pasture areas that
had been managed correctly, the amount of SOM
exceeded the amount typically found in areas with
native vegetation (CERRI et al., 2004).

Replacement of native vegetation in the cerrado
region by eucalyptus plantations can lead to changes
in C stocks and in various SOM fractions. In soils
collected near Eucalyptus urophylla growing in
settlements, Pulrolnik et al. (2009) observed that
20-year-old eucalyptus plantations exhibited a total
organic carbon (TOC) content similar to that found
in cerrado vegetation and in pastured areas. In the
recalcitrant fractions considered, the C contents of
humic acid and fulvic acid, respectively, were 16.6%
and 17.5% higher for the eucalyptus soil compared
to the pasture, and 17.5% and 36.9% compared to
the cerrado.

The analysis of humic substances (humin
fraction, humic acid and fulvic acid) in various
cropping systems is important because these
substances are considered to be more stable and are
difficult to chemically degrade; thus, they represent
the pool of C in soil (LOSS et al., 2010).

The study of TOC also influences the dynamics
of nitrogen in the soil because its main reserve in
the soil is the SOM, which has great significance
for the supply of this nutrient to crops. There is
a need to compare the results for different soil
cropping systems as well as for the accumulation
of C and N and of humified SOM fractions. Studies
have also been lacking on the adoption time of a
specific type of soil preparation and crop rotation,
while considering the local weather conditions;
additionally, most literature has studied the south
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and southeast of Brazil. Therefore, this study aimed
to measure the stocks of total C and N and of humic
substances (fulvic acids, humic acids and humin)
from SOM under different cropping systems.

Materials and Methods

The research was performed in May 2010, at
the Experimental Farm for Agricultural Sciences
(FAECA) at the Federal University of Grande
Dorados (UFGD) in Dourados, MS. This farm is
located at a latitude of 22° 14’16 S and a longitude
of 54° 49°2” W, with an average altitude of 452

m. The climate is Cwa, according to Koppen, with
precipitation totals and maximum and minimum
temperature averages of 1,450 mm, 29.4 °C and 17.4
°C, respectively. In all of the cropping systems, the
soil was classified as an oxisol, composed primarily
of clay oxides and hydroxides of Fe and Al, and it
had a flat topography. The systems studied were as
follows: non-tillage, tillage, pasture and eucalyptus.
Natural vegetation was used for comparison and
was located approximately 800 m away from the
areas under study, totaling five areas distributed
over a range of homogeneous soils. The histories of
these areas are shown in Table 1.

Table 1. History of cropping systems in an oxisol.

Cropping

Historic
system
Native . . . . .
. Area with natural vegetation without human action used as a reference ecosystem of the region.
vegetation
Area planted with crops in no-tillage for 15 years, growing soybeans in the summer and winter
Nontillage maize (second season) and was not used another practice for formation of straw. Fertilization
£ and liming followed the recommendations of each culture, being soil collected performed on the
remaining of soybean straw.
Area planted with crops in no-tillage for 11 years, and in 2007 to the current period was chosen
Tillage tillage, consisted of one plowing and two diskings. The rotation system is similar to no-till
& soybean and corn, and fertilization and liming followed the recommendations of each culture,
and collecting soil also performed on the remainder of soybean straw.
Area covered with pasture, established 15 years ago with signalgrass (Urochloa decumbens
Pasture (Stapf) RD Webster), with liming and fertilization performed only in its deployment and use of
0.5 animal unit (AU) per hectare per year. Area showed signs of degradation.
Area previously occupied in no-till farming for 11 years, and in 2007 was planted seedlings
Eucalyptus of Eucalyptus. The planting was done in 3x3 m spacing. Fertilization and correction were

performed only at planting.

Source: Elaboration of the authors.

For each cropping system evaluated, we selected  measuring 30 x 30 x 40 cm (width, length and depth,

an area of one (1) ha, and this area was defined as  respectively), and sampling was performed.

the plot. Existing straw was removed from the soil For the extraction of humic substances (HS),

surface, and soil samples were collected at depths samples of air-dried soil (ADS) were crushed,

of 0-10 and 10-20 cm. At each sampling point, with passed through a 60 mesh (0.210 mm) sieve and

five repetitions (5 points/plot), trenches were opened
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subjected to fractionation using the method of the
International Humic Substances Society (IHSS)
(SWIFT, 2001). The fractions obtained were fulvic
acids (FA), humic acids (HA) and humin (Hum),
depending on their differential solubilities in acid
and alkaline solutions. The determination of total
carbon and of the fractions of HSs was performed
using the wet oxidation method with external
warming, as proposed by Yeomans and Bremner
(1988), and nitrogen levels were determined by
Kjeldahl distillation (BREMNER, 1996). Stocks of
C and N were obtained by multiplying the content
(g kg') of the element by the mass of the soil from
each layer studied (kg ha'). The mass of the soil
was derived by multiplying the thickness of each
layer (m), by its density (kg dm) and the volume
of the soil (dm), and the final sum was obtained
stock to C layer of 20 cm. Soil density (kg dm™)

was determined using the volumetric ring method
after Embrapa (1997) for 0-10 and 10-20 cm of soil
depth.

Statistical analysis of the stocks of C and N was
performed using the statistical model: Y = p + Ai
+ rep (A) + ik eijk, for which p: overall mean, A:
cropping systems (i = 1,2,3,4,5), rep (A) = rep (k
= 1,2,3,4,5) and &: experimental error. In cases of
significance, an analysis of variance was used with
the Scott-Knott test (p <0.05), using the computer
application SAEG 9.1 (RIBEIRO JUNIOR; MELO,
2008).

Results and Discussion

The total organic carbon (TOC) and total
nitrogen (TN) stocks were significantly (p <0.05)
influenced by the cropping systems in all of the
layers evaluated (Table 2).

Table 2. Stocks of organic carbon and total nitrogen under different cropping systems.

Layers (cm)

Cropping systems

0-10 10-20 0-20
Total organic carbon stock (t ha'')
Native vegetation 39.71 a 3717 a 76.88 a
Nontillage 24.06 b 27.72 b 51.79 ¢
Conventional tillage 36.88 a 25.86b 62.74 b
Pasture 3332a 28.68 b 62.00b
Eucalyptus 3598 a 25.30b 61.28b
Stock of total nitrogen (t ha™')

Native vegetation 2.50 a 245a 4.95a
Nontillage 1.47b 1.71b 3.18¢
Conventional tillage 2.36a 1.52b 3.88Db
Pasture 238a 1.61b 3.99b
Eucalyptus 2.14a 1.63 b 3.77b

Within each layer, means followed by same letter do not differ by Scott-Knott (p <0.05).

Source: Elaboration of the authors.

The stock of TOC under tillage systems (TS)
was 34.8% lower when compared with non-tillage
systems (NTS), and NTS did not differ from native
vegetation, pastures or eucalyptus for the 0-10 cm

layer. These results were related to the constant
turning of the soil under the tillage system and to
the optimal conditions for aeration, which favor the
rapid decomposition of organic matter (FONTANA
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et al., 2006, VEZZANI; MIELNICZUK, 2011).
The highest TOC values were observed in the
NTS, native vegetation, pasture and eucalyptus
systems, which are associated with higher inputs,
and continuously form organic materials with
different degrees of susceptibility to decomposition
(CARDOSOetal.,2011; STEINER etal.,2012). We
also noted, in this study, that even where minimum
tillage had been implemented for 15 years in a
typical oxisol and TS had been used during the most
recent four years, Rangel and Silva (2007) observed
that with maize cultivation in summer followed by
winter beans, there were reductions of 20% in TOC
in the TS compared with the NTS for the 0-10 cm
layer. However, at greater depths (10-20 cm), no
differences were found between cropping systems,
with C stock predominating in the native vegetation
(37.17 t ha') (Table 2). Smaller losses of TOC in
the 10-20 cm layer under TS might be associated
with the incorporation of plant residues produced
by the action of the disk harrow, used in preparing
the soil, which increased the C input to the soil.
The reductions of TOC in the TS, NTS, pasture
and eucalyptus when compared with the reference
system (native vegetation) were 25.4%, 30.4%,
22.8% and 31.9%, respectively (Table 2). The
higher concentration of TOC in the area under native
vegetation was due to the constant input of C via
litter and rhizodeposition (SOUZA et al., 2006), and
the fact that the soil structure was preserved, which
contributed, via aggregation, to the protection and
maintenance of soil C (CARNEIRO et al., 2009).
In the analysis of TOC throughout the layers (0-
20 cm), although the largest stocks were measured
under native vegetation (76.88 t ha'), there was a
17% increase in carbon stocks when using NTS
compared with TS (Table 2). In a similar case, in an
oxisol (at 0-20 cm), D’ Andrea et al. (2004) found C
stocks to be lower for native vegetation (38 t ha'),
pasture (15 years planted with Urochloa decumbens)
(41 t ha') and TS (4 years — 38 t ha') than for
C stocks found in this study. Most likely, these
differences were related to climatic factors because
the systems are similar to those in this study. The

portion of the study in the cerrado region, however,
was conducted in a seasonal tropical savanna (Aw in
the Kdppen system).

The stock of total nitrogen (TN) was affected
similarly, as was the stock of TOC by the various
cropping systems, with the highest values being
found in native vegetation (2.5, 2.45 and 4.95 t ha’!
for layers at 0-10, 10-20 and 0-20 cm, respectively)
(Table 2). With respect to cropping systems, the
permanence of the NTS over 15 years, growing
soybeans/corn, promoted an increase of 37.7 and
18.0% in the 0-10 and 0-20 cm layers, respectively,
compared with the TS, but no differences were
observed relative to the soil growing pasture or
eucalyptus (Table 2). As 95% of the TN in soil
is present in organic form, changes in the stocks
of TOC imply changes in the availability of TN
(D’ANDREA et al., 2004). This process is regulated
in part by the cropping systems themselves, and by
systems such as NTS, eucalyptus and pasture, with
greater production of plant biomass, the retention of
straw or litter on the soil surface and large quantities
of roots causing larger stocks of TN (D’ANDREA
etal., 2004; COSTA et al., 2008; CARNEIRO et al.,
2009; SIQUEIRA NETO et al., 2009b).

Carbon stocks from the fulvic acid carbon (C-
FA), humic acid carbon (C-HA) and humin carbon
(C-Hum) fractions were affected significantly (p
<0.05) by cropping systems in all of the layers
evaluated. The highest levels of C stocks belonged
to the humin fraction, followed by humic acid and
fulvic acid (Table 3). Silva and Mendonga (2007)
reported that these three represented the principal
fractions of TOC of the soil. Humin represents
approximately 30-80% of the total, depending
mainly on texture, and being higher in soils with
higher clay content. The largest stocks of C-Hum
can be attributed to the interactions of humin with
the mineral fraction of the soil, which has a high
proportion of clay. Fontana et al. (2001) studied
the behavior of SOM oxisol and acrisol in Campos
dos Goytacazes under various vegetation covers
and found higher mean values for the humin
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fraction in oxisols, indicating a greater resistance to
decomposition of this fraction due to more stable
links with the mineral fraction of the soil. Pinheiro et
al. (2003) studied clay oxisols and different cropping

systems using tillage (such as conventional tillage),
various preparation levels and minimum tillage as
well as soil with grass and without vegetable cover;
they observed a predominance of the humin fraction
above 81% compared to other fractions.

Table 3. Carbon stock fractions of fulvic acid, humic acid and humin under different cropping systems.

Layers (cm)

Cropping systems

0-10 10-20 0-20
Carbon stocks fulvic acid (t ha'')
Native vegetation 1.17b I.11¢ 2.28¢
Nontillage 095¢ I.l1lc 2.06 ¢
Tillage 1.29b 1.05¢ 234c¢
Pasture 1.66 a 1.48b 3.14b
Eucalyptus 1.03 ¢ 244 a 347 a
Carbon stocks humic acid (t ha')
Native vegetation 3.10b 347 a 6.58 a
Nontillage 249c¢c 327a 5.76b
Tillage 3340 283D 6.17b
Pasture 373 a 3.14a 6.87a
Eucalyptus 323D 251D 573b
Carbon stocks humin (t ha')
Native vegetion 9.6l a 9.18a 19.79 a
Nontillage 6.33 ¢ 7.46 b 1379 ¢
Tillage 9.67 a 6.32Db 16.99 b
Pasture 826D 8.05a 16.31b
Eucalyptus 9.69 a 6.70 b 16.39b

Within each layer, means followed by the same letter do not differ by Scott-Knott (p <0.05).

Source: Elaboration of the authors.

After analyzing the carbon stocks for the C-AF
and C —AH fractions, it was observed that the largest
stocks were found in soils under pasture (1.66 and
3.74 t ha') in the 0-10 cm layer and for humic acid
(3.14 t ha') in the 10-20 cm layer (Table 3). This
result is most likely attributable to the more highly
developed and extensively distributed root systems
found in grass (Urochloa decumbens), which favor
high deposition of carbon into the soil from the
roots. Rasse, Rumpel and Dignac (2005) reported
that the permanence time for soil C derived from
roots is 2.4 times higher when compared with the
carbon derived from the shoot biomass and that

only a quarter of that amount can be explained by
the higher chemical recalcitrance of these tissues.
This finding further suggests that other protection
mechanisms are strengthened by the activity
of roots, including the following: physical and
chemical protection, physical protection on a micro-
metric scale through the activity of mycorrhizae and
root hairs and chemical interactions with metal ions
from higher levels of cation exchange capacity, as in
the case of humic and fulvic acids.

The sum profile (for 0-20 cm) was higher for
stocks in soils under eucalyptus cultivation for both
the C-AF and C-AH fractions (3.47 and 6.87 t ha
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!, respectively) (Table 3). The eucalyptus area had
previously been occupied by plantations practicing
non-tillage for 11 years, planting soybeans/corn,
and being rotated with the planting of eucalyptus
seedlings every 4 years, the fact of having a
revolving least assisted by litter deposited on the
soil surface, most likely permitted the accumulation
of humified SOM fractions over a wider layer (0-20
cm). In the cerrado region of Vale do Jequitinhonha-
MG, Pulrolnik et al. (2009) observed that 20-year-
old eucalyptus plantations had TOC levels similar
to those of both cerrado vegetation and pasture, for
the humic acid and fulvic acid fractions. The levels
of C were 16.6% and 17%, respectively, which are
5% higher for the soil under eucalyptus compared
with soils under pasture, and 17.5% and 36.9% for
the cerrado soils, respectively.

By analyzing various cropping systems, we
observed that NTS performed better, using our
criteria, than did TS for fractions of C-FA, C-HA and
C-Hum, by 26.3%, 25.5% and 33.9%, respectively,
mainly in the 0-10 cm layer. These results might
be related to the physical protection of organic
compounds from microbial decomposition, which is
favored by the occlusion of carbon in soil aggregates
and the chemical protection of organic compounds
by means of their interaction with soil minerals
and ions, when submitted to a more conservation-
oriented management system. With reference to
stocks of N in the SOM fractions, there was no
difference in the 0-10 cm layer between any of the
systems under study for N-FA or N-HA. However,
there was a higher accumulation of N-FA in the NTS
(1.25 and 1.69 t ha'!) for the 10-20 cm and 0-20 cm

layers, respectively, indicating greater mobility of N
at depth for the no-till system. For N-HA, there was
a gain of 23% for the NTS compared with the TS
(for 0-20 cm), but there were no differences between
the native vegetation, the pasture or the eucalyptus
(Table 4). Under these conditions, it is possible that
the largest amount of deposition of wastes from roots
and shoots was produced primarily from rotations
with legumes/grass and minimum revolving, which
is associated with a lower C/N ratio for soybeans
in soils using the NTS, deposited over time under
the soil and contributing to higher accumulations
of N in the humic substances, mainly in the most
active fractions of organic matter such as FA and
HA. Stevenson (1994) emphasized the necessity of
N for the synthesis of humic substances. Evidence
suggests that it has important roles in humification
and in the formation of stable organic compounds in
soils (DIJKSTRA et al., 2004).

For the humin fraction, greater N stocks
occurred in the native vegetation area (1.43, 0.77
and 2.20 ha' at 0-10, 10-20 and 0-20 cm of depth,
respectively), followed by the eucalyptus and
NTS and, subsequently, the TS and pasture (Table
4). Increments of N in the soil, such as those that
occurred in native vegetation (Table 2), can reduce
the production of enzymes (ligninolytic) that act in
processes of microbial decomposition (CARREIRO
et al., 2000) and increase the structural stabilization
of humic substances, especially in the humin
fraction, due to its reaction with N-lignin residues
and phenolic compounds, followed by the formation
of recalcitrant compounds (SJOBERG et al., 2004).
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Table 4. Nitrogen stock fractions of fulvic acid, humic acid and humin under different cropping systems.

Cropping systems Layers (cm)
0-10 10-20 0-20
Stocks of fulvic acid nitrogen (t ha')
Native vegetation 0.55a 0.31b 0.86b
Nontillage 0.39a 0.40b 0.78b
Tillage 045a 1.25a 1.69 a
Pasture 041a 0.33b 0.74 b
Eucalyptus 044 a 0.51b 0.95b
Stocks humic acid nitrogen (t ha™)
Native vegetation 0.92a 1.14a 2.05a
Nontillage 0.67 a 0.70b 1.37b
Tillage 1.10a 0.69 b 1.79 a
Pasture 093 a 0.95a 1.88a
Eucalyptus 0.85a 095a 1.80 a
Stocks humin nitrogen (t ha'')

Native vegatation 1.78 a 1.51a 330a
Nontillage 0.94 c 1.03b 1.97c
Tillage 1430 0.77 ¢ 220c¢
Pasture 1.09 ¢ 0.81c 1.90 ¢
Eucalyptus 1.50b 1.02b 2.52b

Within each layer, means followed by the same letter do not differ by Scott-Knott (p <0.05).

Source: Elaboration of the authors.

Conclusions

1. The replacement of NTS by TS resulted in
losses in total organic carbon and C from humic
substances (fulvic acid, humic and humin) in the
soil after only three years of adoption, especially in
the 0-10 cm layer.

2. The replacement of NTS by eucalyptus
increased carbon stocks in the most active fractions,
such as fractions of humic and fulvic acid, at the
0-20 cm layer.

3. Independent of the cropping systems, the
largest stocks of C and N were found in the humin
fraction, followed by humic acid and fulvic acid.

4. For total nitrogen, and especially for the humic
and fulvic acid fractions, the use of an NTS for 15
years, using soybeans/corn, promoted an increase
when compared to TS, but this difference was not
found when the soil was cultivated with eucalyptus.
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