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ABSTRACT

Harvesting and reform in eucalyptus can lead to changes in soil organic matter (SOM). The objective
of this work was to evaluate the changes in total organic C (TOC) and N (NT), C and N in
humic acid (HA), fulvic acid (FH), light organic matter (LOM) and microbial biomass (MB), in
Ultisol of eucalypt stands over one, two and four years of renovated areas in Rio Grande do Sul
state. After the first year of eucalyptus reform, there were 78% of increases in TOC (0.0-1.0-m
soil layer). After two years, there was an increase in TN and an average reduction of 52% in
LOM-C (0.0-0.1-m soil layer). FA-C, HA-C, and HU-C presented mean reductions of 43 Mg ha™!
(0.0-1.0-m soil layer) after four years of reform. The litter contribution of previous crop and the
crop residues from the harvest resulted in increments of the SOM fractions. However, there is
a negative effect in later years.

Keywords: forest soils, reform, humic substances, microbial biomass, light organic
matter.
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1. INTRODUCTION

In the last decades, the global growing demand for
forest products (FAQO, 2010) has promoted the expansion
of cultivated areas with eucalypt. In Brazil, the total
area of planted forests in 2015 reached 7.8 million
hectares, in which 5.6 million hectares are eucalypts
mainly distributed in the states of Minas Gerais (24%),
Sao Paulo (17%), and Mato Grosso do Sul (15%) (IBA,
2016). This expressive planted area occurs due to the
favorable conditions over almost the whole country to
the rapid eucalypt growing, which has provided shorter
rotations, between five and seven years.

When conducted under reform management, the
eucalypt plantation promotes impact due to harvesting
and wood drag, additional soil disturbance occurs due
to the mechanical preparation for the new planting.
Such disturbances are related to soil compaction and
disaggregation, and the incorporation of residues and
organic horizons into the soil mass of the prepared region.
Exposure of the soil to the sun and rain also causes
alterations in the humidity and temperature, besides
lower water infiltration rate and a greater predisposition
to erosion (Dias et al., 2007; Oliveira et al., 2013). These
abiotic factors combination alters the biological activity
and soil structure (Ndaw et al., 2009), with potential
effects on soil organic matter (SOM) dynamics and
sequestration. In temperate forests has been often
observed that soil CO, fluxes increase, and SOM
decreases after harvesting operations (Chatterjee et al.,
2008; Amiro et al., 2000). Still, negative effects seem to
be minimized when only the wood is removed from
the area (Strémgren et al., 2013; Versini et al., 2013).

However, the impacts of harvesting and reforming
eucalypt plantations, especially in tropical and subtropical
regions, are still poorly understood. In Brazil, losses
of SOM induced during the reform management were
compensated by a large input of harvest residues, also
by strains of previous eucalypt plantation (Faria et al.,
2008; Nave et al., 2010; Jesus et al., 2015).

Thus, the introduction of eucalypt plantations in
areas under native vegetation would initially result
in reductions of total C and N stocks, which could be
recovered throughout the eucalypt cultivation, depending
on the type of management to be conducted. So, the
objectives of this work were: i) to evaluate the change
in the total C and N stocks and their compartments

in soils under eucalypt plantations with different ages
after the reform management, which was established
under native vegetation area; ii) to evaluate the changes
in labile and stable SOM fractions in variable times
after the reform management of eucalypt plantations
implanted in native vegetation area.

2. MATERIAL AND METHODS

The study was carried out in commercial eucalypt
plantations (Eucalyptus grandis) in the municipality of
Triunfo (29°56’ S and 51°43’ W), east of Rio Grande do
Sul state, in the Colorado Forest plantation. The climate
of the region is classified as Humid Subtropical (Képpen
climate classification: Cfa) (Moreno, 1961). The region
has annual average temperature of 16.5 °C and annual
rainfall around 1,300 to 1,800 mm (Maluf, 2000).

Eucalypt plantations were selected under an
Ultisol following a planting chronosequence aiming to
evaluate the effect of time, after reform management
of eucalypt plantations at age of 13-years-old (first
rotation). The previous use before eucalypt plantation
in all areas was native vegetation. The soil samples were
collected in native vegetation, 13-year-old unreformed
eucalypt plantation (considered as zero reform time),
also in eucalypt plantations reformed of one, two and
four years ago.

In each soil use, four plots of 50 x 50 cm (considered
as four replications) were delimited. Five subsamples
were collected in each plot in the layers 0.0-0.1,
0.1-0.2, 0.2-0.4, 0.4-0.6, 0.6-1.0-m to compose the
composite sample. In addition, a trench of 1.2-m
depth was excavated in each plot to collect undisturbed
samples. Chemical and physical characteristics are in
Tables 1 and 2, respectively.

Total organic carbon (TOC) was determined using
the method described by Yeomans & Bremner (1988)
and Total nitrogen (TN) by the Kjeldhal method
modified by Tedesco et al. (1985). The humic substances
fractions (HS) were obtained by chemical fractionation
(Swift, 1996). The light organic matter (LOM) was
determined following the procedure proposed by
Sohi etal. (2001). The C and N associated with microbial
biomass (C-MB and N-MB) were obtained by the
irradiation-extraction method (Islam & Weil, 1998).

The C and N stocks associated with soil organic
matter fractions (SOM) were obtained multiplying
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Table 1. Chemical characterization of samples from Ultisol under different uses, in the 0.0-0.1-m soil layer, east of
Rio Grande do Sul state.

Native Vegetation 4.59 0.81 0.83 1.89 5.79 3.23 43.21 7.43
Euc RO 4.45 2.39 1.34 2.02 7.25 7.33 153.29 10.98
Euc R1 4.16 0.13 0.29 4.29 11.30 10.15 113.35 11.72
Euc R2 4.05 0.35 0.43 4.54 8.87 14.31 55.19 9.65
Euc R4 4.25 1.27 0.81 2.90 6.60 13.17 105.36 8.68

Euc RO = Eucalypt plantations unreformed with 13 years old; Euc R1 = Eucalypt plantations reformed one year ago; Euc R2 = Eucalypt
plantations reformed two years ago; Euc R4 = Eucalypt plantations reformed four years ago; pH in H,O = 1:2.5 ratio; P e K= Mehlich-1
extractor; Ca, Mg and Al = KCI 1 mol L™ extractor; H+Al = Calcium acetate 0.5 mol L'at pH 7.0 extractor; CEC = cation exchange
capacity measured with 0.5 mol L' calcium acetate at pH 7.0.

Table 2. Composition of particle size from Ultisol under native vegetation and eucalypt plantations of different ages
and times after reform management.

Soil Layer
0.0-0.1 450.00 160.00 390.00 1.01
0.1-0.2 450.00 150.00 400.00 0.86
Native vegetation 0.2-0.4 380.00 150.00 470.00 0.78
0.4-0.6 370.00 120.00 510.00 0.76
0.6-1.0 340.00 130.00 530.00 1.31
0.0-0.1 380.00 200.00 420.00 0.69
0.1-0.2 440.00 170.00 390.00 0.72
Euc RO 0.2-0.4 540.00 200.00 260.00 0.99
0.4-0.6 590.00 160.00 250.00 1.08
0.6-1.0 520.00 200.00 280.00 1.17
0.0-0.1 310.00 140.00 550.00 1.01
0.1-0.2 300.00 120.00 580.00 1.04
0.2-0.4 350.00 80.00 570.00 0.77
EucR1
0.4-0.6 280.00 90.00 630.00 0.79
0.6-1.0 190.00 110.00 700.00 0.71
0.0-0.1 490.00 180.00 330.00 0.87
0.1-0.2 450.00 170.00 380.00 0.84
0.2-0.4 440.00 180.00 380.00 0.96
EucR2 0.4-0.6 420.00 160.00 420.00 0.93
0.6-1.0 410.00 160.00 430.00 0.83
0.0-0.1 460.00 110.00 430.00 1.07
0.1-0.2 440.00 90.00 470.00 1.02
Euc R4 0.2-0.4 270.00 110.00 620.00 0.88
0.4-0.6 190.00 170.00 640.00 0.77
0.6-1.0 190.00 210.00 600.00 0.84

Ds = Soil bulk density; Euc RO = Eucalypt plantations unreformed with 13 years old; Euc R1 = Eucalypt plantations reformed one year
ago; Euc R2 = Eucalypt plantations reformed two years ago; Euc R4 = Eucalypt plantations reformed four years ago.

the content (g kg™') of the soil mass under the land A correction of C and N stocks in SOM fractions
uses, at each depth studied. The pattern soil mass was ~ was performed to minimize the compacting effect
obtained multiplying the thickness of each layer (m)  of soils caused by the machine traffic (mechanical
by its soil bulk density (kg dm™), soil volume (dm?).  preparation and eucalypt harvest operations), according
Accumulated stocks were calculated to the layers of  to Sisti et al. (2004). Thus, the C and N stocks in the
0.0-0.1, 0.0-0.2, 0.00-0.4, 0.0-0.6 and 0-1.0 m. SOM fractions were estimated as the total C and N
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content, in the same soil mass present in a 0.0-1.0-m
layer of the native vegetation. For this, the C and N
stocks were calculated subtracting the Cand N content
of the extra soil weight in the deepest layer sampled
(0.6-1.0 m) for each profile, which can be expressed
according to the Equation 1:

Cs=SCTi+ {MTn —(iMTi - iMSiH *CTn (1)

o i=1 i=1

where: Cs is the total C stock, corrected for the soil

-1
mass of a reference area; nZCTi is the sum of C stocks
i=1
of soil from the first until before the last soil layer
sampled, in the treatment considered (Mg ha™'); MTn
is the soil mass of the last soil layer sampled in the
treatment (Mg ha™); YMTi is the sum of the total soil

=l n

mass sampled under the treatment (Mg ha™'); ¥MSi is
i=l

the sum of total mass of soil sampled in the reference

area (Mg ha™); and CTn is soil C content in the last
soil layer sampled (Mg Mg soil).

The results were submitted to analysis of variance
(ANOVA), considering a systematic design with
four replicates. The averages of the treatments were
compared with the Tukey’s test (p < 0.05) using the
statistical Software SISVAR.

3. RESULTS

The reform management of eucalypt plantation
planted 13 years ago (Euc RO) led to increases
(p £0.05) in total organic C stocks (TOC) in all soil
layers after 1 year, with increases of 128 and 185% in
TOC stocks in the soil layers of 0.0-0.1 and 0.0-1.0 m,
respectively (Figure la). However, after 2 years of
the reform management, it was observed that the
TOC stock returned to the stock level observed in
eucalypt plantation with 13-years-old of first rotation
(soil layers 0.0-0.10 and 0.0-1.0-m).

Total nitrogen (TN) stocks did not change after 1 year
of reform management in the 0.0-0.1-m and 0.0-0.4-m
soil layers. After 2 years of the reform management,
there were increases of NT stocks in the 0.0-0.4-m layer
in relation to the first eucalypt rotation (13-years-old)
(Figure 1b). After 4 years of reform management, TN
stocks were similar to those observed in the first eucalypt
rotation to all soil layers. In the 0.0-1.0-m soil layer,
no differences over time were observed in TN stocks

(Figure 1b). The C:N ratio was higher after 1 year of
reform management in the 0.0-0.1-m soil layer, and
subsequently decreased, reaching C:N ratio similar to
the first eucalypt rotation (Figure 1c). However, in the
0.0-1.0-m soil layer the C:N ratio was lower than that
observed in the 1 year after the reform management

only at 4 years post-reform management (Figure 1c).
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Figure 1. Total Organic Carbon stocks (TOGC; a), total
nitrogen (TN; b), and C:N ratio (c) in Ultisol from east
of Rio Grande do Sul state under native vegetation,
eucalypt plantation with 13 years implemented in native
vegetation area that has never been reformed (Euc RO0),
and eucalypt plantation with 1 (Euc R1), 2 (Euc R2),
and 4 years post-reform management (Euc R4). Means
of uses with the same lowercase letters within each soil
layer are not statistically different by Tukey’s test at 5%
of significance. The bars represent the standard errors
(n=4).
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The FA-C stocks increased after 1 and 2 years
of reform management in all soil layers, with the
exception of 0.0-1.0-m layer, for which no change was
observed (Figure 2a). The increases of FA-C stocks in
the 0.0-0.6-m soil layer were 8.27 and 14.75 Mg ha™!

after 1 and 2 years of reform management, respectively.
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Figure 2. Stocks of C associated with fulvic acids
fractions (FA-C; a), humic acid (HA-C; b), and humin
(HU-G; ¢) in Ultisol from east of the Rio Grande do Sul
state under the native field, eucalyptus with 13 years
implemented in native pasture area that has never been
reformed (Euc R0), and eucalyptus with 1 (Euc R1),
2 (Euc R2), and 4 years post-reform (Euc R4). Means
of uses with the same lowercase letters within each soil
layer are not statistically different by Tukey’s test at 5%
of significance. The bars represent the standard errors
(n=4).

The FA-N stocks were altered by reform management
only at the soil surface layers (Figure 3a).

In the soil superficial layers (0.0-0.1 and 0.1-0.2-m),
there were no significant differences in the HA-C stocks,
while in the 0.0-1.0-m layer were observed higher
stocks in the eucalypt plantation reformed 1 year ago
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Figure 3. Stocks of N associated with fulvic acids
fractions (FA-N; a), humic acid (HA-N; b), and humin
(HU-N; ¢) in Ultisol from east of the Rio Grande do
Sul state under native field, eucalyptus with 13 years
implemented in native pasture area that has never been
reformed (Euc RO), and eucalyptus with 1 (Euc R1),
2 (Euc R2), and 4 years post-reform (Euc R4). Means
of uses with the same lowercase letters within each soil
layer are not statistically different by Tukey’s test at 5%
of significance. The bars represent the standard errors
(n=4).
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(Figure 2b). In the 0.0-1.0-m layer, the differences were
more accentuated, with decreases in HA-C stocks of
11.45 Mg ha™ after 2 years of reform management.
No differences were observed between HA-N stocks
in most soil layers of the chronosequence (Figure 3b).

After 1 and 2 years, the reform management of
eucalypt plantations provided more increases in HU-C
stocks to the 0.0-0.10-m soil layer than the first eucalypt
rotation (10.57 and 4.54 Mg ha™!, respectively); while
in the 0.0-1.0-m soil layer there were increments of
65.95 Mg ha™ after 1 year of reform management
(Figure 2¢). An increase of 1.56 Mg ha™ of HU-N after
1 year of reform management was observed to the
0.0-1.0-m soil layer; while 2 and 4 years after reform
management the N-HU stocks did not differ from that
observed prior to the reform management (Figure 3c).

Negative impact on LOM-C stocks was observed
after 4 years of reform in the relation of native vegetation
to the 0.0-0.6 and 0.0-1.0-m soil layers (loss of 58.7%
and 58.0%, respectively) (Figure 4a). The LOM-N
stocks did not present statistical differences in the soil
layers evaluated over time after reform management
(Figure 4b). The LOM-C:N ratio did not change in the
0.0-0.1-m soil layer over the post-reform time; while
to the 0.0-1.0-m soil layer there were reductions in
the 13-year eucalypt plantation and 1-year reform,
compared to native vegetation (Figure 4c).

The MB-C (0.0-0.2-m soil layer) and MB-N
(0.0-0.1-m soil layer) stocks increased at 13 years
after the eucalypt implantation compared with native
vegetation area (Figure 5a, b). However, 1 year after
reform management, the MB-C stock decreased by an
average of 66.6% in the 0.0-0.2-m soil layer (Figure 5a).
After 2 years of reform, there was a decrease in the MB-N
stocks (43.9%) to the 0.0-0.1-m soil layer. However,
there was the recovery of MB-N stocks after 4 years of
reform management (Figure 5b). The MB-C:N ratio,
to the 0.0-0.1 and 0.0-1.0-m soil layers did not change
for the different soil uses (Figure 5c¢).

4. DISCUSSION

In this study, it was verified that 1-year after reform
management of eucalypt plantation (0.0-1.0-m soil
layer), there is an expressive increase in the TOC stock,
and in most of C associated with humic substances
(HA-C and HU-C). Even in this period, expressive

reductions in the MB-C stocks in the 0.0-0.1-m soil
layer was already observed. Cotrufo et al. (2013),
studying the origin of stabilized SOM, verified that
a major contribution to C associated with minerals
comes from labile constituents of plants that after
microbial transformation was stabilized in the soil
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Figure 4. Stocks of C (LOM-C; a), N (LOM-N; b),
and C:N rate (LOM-C:N; ¢) associated with the light
organic matter in Ultisol from east of the Rio Grande
do Sul state under native field, eucalyptus with 13 years
implemented in native pasture area that has never been
reformed (Euc RO), and eucalyptus with 1 (Euc R1),
2 (Euc R2), and 4 years post-reform (Euc R4). Means
of uses with the same lowercase letters within each soil
layer are not statistically different by Tukey’s test at 5%
of significance. The bars represent the standard errors
(n=4).
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Figure 5. Stocks of C (MB-C; a), N (MB-N; b), and
C:N rate (MB-C:N; c¢) associated with microbial
biomass in Ultisol from east of the Rio Grande do
Sul state under native field, eucalyptus with 13 years
implemented in native pasture area that has never been
reformed (Euc R0), and eucalyptus with 1 (Euc R1),
2 (Euc R2), and 4 years post-reform (Euc R4). Means
of uses with the same lowercase letters within each soil
layer are not statistically different by Tukey’s test at 5%
of significance. The bars represent the standard errors
(n=4).

mineral matrix. This fact corroborates to higher HU-C
stocks (fraction of MOS associated with minerals) in
the present study (Figure 2c). Additionally, the higher
soil clay content under eucalypt reformed 1 year ago
is also an important factor to contribute for higher C
stock of these more recalcitrant fractions (Mathers et al.,
2003; Jindaluang et al., 2013).

Another important factor to higher C stock after
1 year of reform are the contributions of the roots
decomposition derived from the previous planting
allied to the growth and development of the new root
system of introduced plants. In eucalypt plantations, a
large volume of roots was observed in deep soil layers
already in the first year of rotation (Laclau et al., 2013).
Rasse et al. (2005) observed that the input of 40% of C
via roots was recovered as C of SOM, while the input
of C by shoot contributed only with 20%.

The contribution of roots to soil C occurs mainly
via rhizodeposition (lysates, exudates, secretions and
mucilages) and by the root biomass. The C temporarily
immobilized by plants in the root biomass during its
life cycle has significant importance, since studies in
Spain have shown that about 35% of biomass from
9-year-old eucalypt plants is in the form of roots
(Herrero etal., 2014), contributing significantly to the
input of C into the soil.

Pegoraro et al. (2011), studying eucalypt plantations
at the end of the 4" rotation (at 7-years-old), in Espirito
Santo state, observed transfer average of 10 Mg ha™' from
root-derived C of previous rotation to SOM fractions
1 year after harvest. The soil C stocks increased until
the eucalypt plantation reached 3 years old, with the
highest stocking observed in the 0.6-m soil layer, an
area that would have a greater accumulation of thick
and old roots.

Macketal. (2014), studying pine plantations, found
an increase in soil C contents in the 0.4-0.6-m soil layer
after 15 years, compared with plantations from which
the harvest residues were removed. This fact suggests
that, besides the contribution of roots, there also could
have a translocation of organic leachates from residues
and organic matter desorbed from soil layers overlying
the current one. The gains in soil C stocks at the end of
a rotation had a greater magnitude in the conducted
plantation than those reformed, demonstrating the
importance of the disturbance reduction in the area
at the time of the plantations reform management.

The higher C stock associated with soil microbial
biomass was found in the soil under eucalypt at 13 years
old (0.0-0.2-m soil layer). Lupatini et al. (2013) found
a C content associated with the microbial community
in eucalypt forest 78% higher than that found in the
native field. The authors attributed the result mainly to
the differences in the type of vegetation that alters the
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community of decomposing fungi. In fact, in recent
meta-analysis regarding the substitution of native forests
by exotic species in areas under river basin influence,
Ferreira et al. (2016) detected a strong effect of low
quality in eucalypt litter, reducing the decomposition
efficiency and the microbial decomposing community
profile.

The C stock associated with light organic matter
reduced after four years of reform management
(0.0-0.1-m soil layer) in relation to the native vegetation.
This occurred probably due to the disturbance caused
by the operation, although there was a large harvest
residue input. The presence of harvest residue in the
area favors the contribution of more labile organic
matter (Jesus et al.,, 2015), and may trigger the so-called
priming effect (Kuzyakov, 2010), which stimulated the
faster decomposition of LOM by the soil microbes
(Fontaine et al., 2007).

Thus, the management of eucalypt plantations
with short-rotation and more frequent reforms does
not seem to allow sufficient time for the recovery
of SOM, due to its continuous decomposition and
the low contribution of the litter in the initial years
after the reform management. SOM fractions such as
LOM and MB can be considered as early indicators of
SOM changes. The fast response of MB and LOM to
changes in soil has been evidenced by others authors
(Fernandes et al., 2012; Barreto et al., 2014). The trend
of the faster reestablishment of the microbial population
over time (after four years of reform management) points
to the dynamism of this fraction. After harvesting the
eucalypt residues left in the area, readily degradable
compounds are quickly metabolized, while the more
lignified components (bark and branches) remain in
the soil due its biochemical stability (recalcitrance).
Biochemical cycling via litter deposition only started
after approximately two years. This fact implies in little
and discontinuous substrate contribution to MB in the
first two years. In addition, temperature and humidity
oscillations because of soil exposure in this period are
larger due to the small size of the plants.

5. CONCLUSIONS

The reform management in eucalypt plantation
promotes a significant increase in the TOC, HA-C,
HU-C and HU-N stocks after one year of reform

(0.0-1.0-m soil layer) and expressive reductions in
MB-C (0.0-0.2-m soil layer). However, after a period
of reform management (four years), there is a decrease
in all more stable SOM fractions stocks, while the C
and N stocks associated with MB tend to reestablish.
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