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ABSTRACT

The objective of this work was to understand the relationship between decomposition of leaf
litter and climatic elements and determine the mineralization of nutrients in the decomposition
process in a fragment of Semideciduous Submontane Forest, located in southern state of of Espirito
Santo. Overall, 84 litterbags were deposited in 12 permanent plots, collecting one litterbag per
plot for 30, 60, 90, 150, 210, 270 and 360 days after the beginning of the experiment. The leaf
material remaining in the litterbag was oven-dried and weighed, with later analysis of nutritional
compounds. The leaf litter decomposition rate was 1.42, 75.95% of decomposing litter at the
end of the evaluation period. Mineralization occurred in the following order: K, C_ , Mg, S, P,
N and Ca. There was a positive correlation of average and minimum air temperature, as well as
accumulated precipitation and leaf litter decomposition .

Keywords: nutrient cycling, tropical forests, macronutrients, lignocellulosic
compounds.
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1. INTRODUCTION AND OBJECTIVES

Atlantic Forest (AF) is one of the richest and most
threatened ecosystems on the planet. Located mainly
on the Brazilian coast, the Atlantic Forest covers many
types of tropical ecosystems and has one of the largest
biodiversities and endemism in the world (Myers et al.,
2000; Ribeiro et al., 2009). For sheltering considerable
portion of the Brazilian biodiversity, it presents high
endemism of species, and for being seriously affected
by anthropic action, AF was recognized as a priority
area for conservation -- a hotspot (Myers et al., 2000).

In natural environments, mainly in tropical
environments such as AF, soil is not the main route
of supply of nutrients to the vegetation (Calvi et al.,
2009; Menezes et al., 2010; Diniz et al., 2011). In these
environments, where soil is very weathered, the process
of nutrient cycling performs connection between
production cycles and organic matter decomposition,
becoming the main route of return of nutrients and organic
matter to the soil (Caldeira et al., 2013; Godinho et al,,
2013a). Thus, organic matter decomposition is one of
the most important ecological processes that occur
in terrestrial ecosystems. It is defined as a biological
process of organic matter breakdown that promotes the
transformation of organic compounds into inorganic
compounds (Barbhuiya et al., 2008).

The organic matter and litter decomposition rate,
as well as its quantitative and qualitative analysis, are
important aspects for the understanding of ecosystems,
due to their role in the maintenance of ecosystems in
tropical soils (Alves et al., 2006). Liter decomposition
is the result of the interaction of climatic conditions,
plant residue composition and the decomposing fauna
(Bauer et al., 2016). Such interaction will determine
the litter decomposition rate over time, which may be
higher or lower in different ecosystems.

With the purpose of understanding to what extent
environmental disturbance, either by natural or
anthropogenic factors, has affected the functioning
of ecosystems, several studies have been developed
considering different forestry aspects, raising qualitative
and quantitative data on the state of sufficiency of forests
based on their nutritional status (Rumpel &Kogel-Knabner,
2011; Franco et al., 2016; Joslin et al., 2016). Among
these studies, those dealing with leaf decomposition
and nutrient cycling stand out, considered regulatory
processes for the functioning and development of a

forest ecosystem (Nogueira et al., 2011; Neto et al.,
2013; Holanda et al., 2015; Machado et al., 2015;
Gilliam et al., 2016).

However, despite the importance given to studies
on leaf litter decomposition, they have not provided
data on the correlation between decomposition and
climatic elements, i.e., discussions on the relationship
of decomposition rate with these elements are based
on descriptive methods in the majority of studies
(Silva et al., 2013; Lima et al., 2015). As exposed
above, it is believed that leaf litter decomposition is
directly influenced by climatic variations over time
in tropical regions.

Thus, the objective of this work was to understand
the relationship between leaf litter decomposition and
climatic elements and determine the mineralization of
nutrients in the decomposition process in a fragment of
Semideciduous Submontane Forest located in southern
state of Espirito Santo.

2. MATERIAL AND METHODS

The study area is located at “Reserva Particular do
Patrimonio Natural” (RPPN) Boa Esperan¢a Farm,
municipality of Cachoeiro de Itapemirim, Southern
state of Espirito Santo (coordinates UTM/Sirgas2000
268275,48 E; 7707754,70 N) (Figure la). Inserted in
the Itapemirim River Basin, RPPN has total area of
517 ha, being composed of four forest fragments.
This work was carried out in a fragment of greater
representation, with area of 358.86 ha, which integrates
the “Burarama - Pacotuba - Cafund¢” ecological
corridor, inside Atlantic Forest biome.

The climate of the region, according to the Képpen
classification, is of Aw type (tropical with dry season
in the winter) (Alvares et al., 2013). Precipitation
data, both in the study period and historical series
(1987 - 2016), were obtained at the National Water
Agency station (ANA) (02041002), located in the
municipality of Castelo - ES, approximately 12 km
away from the study area, whereas temperature data
were obtained from the meteorological station of the
National Institute of Meteorology automatic surface
(INMET) (Alegre-A617), located in the municipality
of Alegre - ES, approximately 26 km away of the study
area. The history of monthly averages for this variable
was obtained from the same station, in the period from
2006 to 2016 (Figure 2).
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Figure 2. Average values of climatic elements during the leaf decomposition period and historical series of RPPN

Boa Esperanca Farm, Cachoeiro de Itapemirim, ES.

The predominant soil in the forest fragment under
study is Planosol Haplic Eutrophic Sandy, originated
from gneissic material and Hydro morphism process,
with inclusion of Dystrophic Red-Yellow Latosol and
Typical Eutrophic Tb Haplic Cambisol (Gomes, 2017).
In general, the superficial soil layer has sandy texture
with alow acid character and medium fertility (Table 1),

with vegetation above it classified as Semideciduous
Submontane Forest (Delarmelina, 2015). In a study
on the structure of the arboreal component of this
fragment, Archanjo etal. (2012) observed high richness
of secondary species and low density of initial succession
groups, indicating a well preserved forest fragment with
advanced succession stage.
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Table 1. Litter (April/15 - March/16) and physico-chemical
attributes of the soil (0-20 cm) in Semideciduous Sub
montane Forest, Cachoeiro de Itapemirim, ES.

Parameters Values

Liter (kg ha year )

Deposited 5741.45
Accumulated 5079.44
Soil attributes

pH (H,0) 5.98
P (mg dm™) 7.24
K (mg dm™) 64.70
Ca (cmol_dm™) 4.38
Mg (cmol_dm™) 1.16
Sum of Bases (cmol dm~) 5.70
Effective CTC (cmol_dm?) 5.75
Bases saturation (%) 65.60
Organic matter (g dm™) 33.95
Density (kg dm™) 1.15
Coarse Sand (g kg') 493.67
Thin Sand (g kg"') 178.43
Silt (g kg™!) 65.94
Clay (g kg') 261.97

Source: Delarmelina (2015) and Gomes (2017).

For the study on leaflitter decomposition, the method
oflitterbags proposed by Bocock& Gilbert (1957) was
used. Overall, 84 litterbags with dimensions of 25 x 25 cm,
in 2 mm nylon mesh were manufactured. The foliar
plant material used to fill Litterbags was obtained in
the months of November and December 2015 through
the collection of litter deposited in collectors installed
in 12 permanent plots (20 x 50 m), demarcated in the
study of Archanjo etal. (2012) (Figure 1b), distributed
in a systematic way in the field. This material was
submitted to kiln drying air circulation at 65 °C for
72 hours, and subsequently 20 g were packed in each
litterbag. Litterbags were systematically installed at
the center of each of the 12 permanent plots (seven
litterbags/plot) on the forest ground.

For determination of the decomposition constant,
litterbags installed on plots in January 2016 were
collected in 30, 60, 90, 150, 210, 270 and 360 days after
installation, being collected one litterbag/plot, totaling
12 litterbags/ decomposition period evaluation. After
collection, litterbags were submitted a cleaning process
with the aid of tweezers and brush for the removal of
materials like roots, insects, soil, or other material not
originated from the leaf fraction. Then, the material
was submitted to drying with air circulation at 65 °C

for 72 hours, for later weighing in precision analytical
scale. After weighing, the leaf plant material for each
collection period was mixed and ground in Willey
type mill with 1 mm mesh (20 mesh), separating three
samples per evaluation period for the determination of
the ash content, nutritional analysis and determination
of the levels of lignin, cellulose and hemicellulose.
These same parameters were also determined in three
samples of the plant material before beginning of the
experiment (0 days). The percentage of dry weight of
leaflitter remaining after each collection was calculated
as proposed by Guo & Sims (1999) (Equation 1).

W, = e x 100 (1)
W()

Where: W, is the percentage of dry weight of remaining
leaflitter; W is the dry weight of remaining leaf litter in
the decomposition bag at time t (g); and W is the initial
dry weight of leaf litter in the decomposition bag (g).

The ash content (Carvalho et al., 2008), which is
the amount of inorganic material present in the plant
material, was determined after total incineration of
the plant material in muftle (Equation 2).

Tc=(PaC_Pc)x100 )
Pas

Where: Tc is the ash content (%); Pac is the weight of
ash + crucible (g); PC is the weight of the crucible (g);
and Pas is the weight of the dried sample (g).

Using the ash content of initial plant material
(0 days) and the decomposition times, the percentage
of dry weight of leaf litter was recalculated, discounting
the increase of the ash content in each decomposition
time. After determination, the decomposition constant
(k) of leaf litter, discounting the ash content, was
obtained by the exponential equation proposed by
Olson (1963) (Equation 3).

W, =Wy.e X ©)

Where: W, is the dry weight of the leaf litter remaining
in the decomposition bag at time t (g); W, is the initial
dry weight of leaflitter remaining in the decomposition
bag (g); and K is the annual decomposition constant.

In the chemical analysis of plant material for obtaining
the leaf macronutrient content, N was extracted by means
of sulfuric acid digestion and determined by Kjeldahl
distiller, while the other nutrients were extracted by
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means of nitric perchloric digestion, being P and S
determined by optical spectrophotometry, and K, Ca and
Mg determined by atomic absorption spectrophotometry
(Tedesco et al., 1995). The organic C content was
determined by means of LECO elemental analyzer
model C-144 (Leco, 2008). The nutrient mineralization
rate in decomposition times was obtained according
to Guo & Sims (1999) (Equation 4).

_ W()Co — WtCt

Ry, = x100 (4)

0Co
Where: R, is the nutrient mineralization rate (%); W is
the initial dry weight of the plant material (g); C, is the
initial nutrient content in the leaf plant material (gkg™);
W, is the dry weight of the plant material at the leaf
decomposition time (g); and C, is the nutrient content
in the plant material remaining at the decomposition
time (g kg™?).

To determine the levels of lignin, cellulose and
hemicellulose, the ANKOM fiber analyzer 200 was
used, according to Berchielli et al. (2001). Lignin
analysis was performed by means of digestion of the
residue of acid detergent fiber with 72% sulfuric acid,
extracting cellulose and hemicellulose, and isolating
lignin and inorganic matter. Hemicellulose levels were
determined by means of differences between neutral
detergent fiber and acid detergent fiber residues,
while cellulose levels were determined by means of
differences between Acid Detergent Fiber and lignin
residues. Lignin levels were obtained by the difference
between acid digestion and ash residue.

Analyses of data from leaf litter decomposition,
lignin, cellulose and hemicellulose content, as well

100 ©
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80 "o 8
70 | ¥
60 -

40 A 8
30 A o
20 A
10 4

Remaining leaf mass (%)

=

as C/N and C/P and Lig/N ratios, were carried out
by means of regression. To evaluate the influence of
climatic elements in the leaf decomposition process,
the Spearman correlation was applied between data
from the remaining leaf mass and climatic elements
(air temperature and precipitation) regarding the study
period, using the R software (R Core Team, 2016).

3. RESULTS

The leaf litter mass decomposition during the
evaluation period, discounting the ash content, was
75.95%, resulting in decomposition constant k of 1.42.
The curve of remaining mass, generated by the leaf
decomposition process, indicates that this process has
exponential regression model, with fast beginning of
mass loss (up to 90 days). In this initial period of the
decomposition process, approximately 20% of leaf
mass was decomposed in the first 30 days, reaching
approximately 43% in 90 days. After this period, mass
loss through decomposition reduced considerably,
causing the half-life time, i.e., the time required to
decompose 50% of leaf mass, which was 175 days.
In addition, the variation amplitude among replicates
(plots) in the decomposition process increased until
150 days, and reduced thereafter (Figure 3).

Correlating leaf mass decomposition with climatic
elements, it was observed that the average temperature
and the minimum air temperature positively correlated
with decomposition in the collection period. When the
period of days prior to the collection of the remaining
material was considered, it was observed that, among
air temperatures (average, minimum and maximum),

y = 84.548¢0-003x
R2=0.80

0 T T T T T
0 30 60 90 120 150

180 210 240 270 300 330 360

Decomposition period (days)

Figure 3. Remaining leaf mass throughout the decomposition period in Semideciduous Submontane Forest,

Cachoeiro de Itapemirim, ES.
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only minimum temperature had positive correlation
with decomposition and, even so, only when the
period of 90 days prior to the collection of litterbags
was considered (Figure 4).

Precipitation had a positive correlation with
decomposition, considering its accumulation
along 90 and 120 days prior to the collection of
decomposing leaf mass. Observing the decrease of
the correlation of air temperature (average, minimum
and maximum) with leaf decomposition over time,
it was observed that this element is associated with
immediate responses in the decomposition process,

0.90 1

while rainfall is associated with immediate responses
in this process (Figure 4).

The mineralization of macronutrientsand C by
leaf litter decomposition proved to be standardized
throughout the decomposition process. Similarly to the
leaf mass decomposition, macronutrientsand C__ had
initial mineralization peak occurring up to 90 days of
decomposition, showing a slow mineralization rate after
this period. At 360 days of leaf litter decomposition,

the descending order of nutrient mineralization was:
K (92%), C,, (90%), Mg (84%), S (74%), P (73%),
N (66%) and Ca (58%) (Figure 5).

Correlation

Decomposition

period collection
- O - Average temperature

— [ — Minimum temperature

90 days prior to

120 days prior to
collection

150 days prior to
collection

+++/x++++ Maximum temperature

—O— Precipitation

Figure 4. Spearman correlation between leaf mass decomposition and climatic elements in Semideciduous
Submontane Forest, Cachoeiro de Itapemirim, ES. *Significant by the t-test (p<0.05).
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Figure 5. Mineralization of macronutrients and C_ ~during the leaf litter decomposition evaluation period in
Semideciduous Submontane Forest, Cachoeiro de Itapemirim, ES.



Florestae Ambiente2019;26(SpecNo1):e20180400

Decomposition of Leaf Litter in Semideciduous Submontane Forest... 7/12

During the evaluated decomposition period, the
dynamics of structural components of the leaf mass was
similar, so that lignin had regression curve slightly more
pronounced than that of cellulose and hemicellulose.
Such behavior considerably reduced the difference of
lignin content in relation to cellulose and hemicellulose
at the end of the decomposition period, indicating that
lignin is degraded at a more accelerated rate than the
other compounds (Figure 6).

The C/N ratio decreased over the decomposition
time, showing behavior similar to that of leaf mass
with peak decrease until the 90 days of decomposition.
Similar to the C/N ratio, the C/P ratio also decreased

OLignin

y =3.7055¢-0.003x
R2=0.91

5.0 1

Content (g)

A Cellulose

y =2.5422¢-0.003x
R?=0.94

over time; however, this decrease occurred in a uniform
way, with a slight increase between 210 and 270 days
of decomposition. Unlike previous ratios, the lignin/N
ratio had initial increase and remained virtually constant
over the decomposition period (Figure 7).

4. DISCUSSION

The monitoring oflitter decomposition in litterbags
showed that the leaf decomposition rate observed in
the period under study is in accordance with that
estimated by Anderson et al. (1983) in neotropical
forests, which varies from 1.1 to 1.7. However, the value

OHemicellulose

y =2.1618¢-0.003x
R?=0.93

0.0 T T T

30 60 90 120

150

180 210 240 270 300 330 360

Decomposition period (days)

Figure 6. Lignin, cellulose and hemicellulose values in the remaining leaf mass during the decomposition evaluation
period in Semideciduous Submontane Forest, Cachoeiro de Itapemirim, ES.
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Figure 7. C/N and C/P and lignin/N ratios in the remaining leaf litter mass in the decomposition process in
Semideciduous Submontane Forest, Cachoeiro de Itapemirim, ES.
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found is above that observed by Silva et al. (2013) and
Grugiki et al. (2017), both in Seasonally Dry Tropical
Forest and in the secondary succession stage in Southern
state of Espirito Santo. These variations are expected,
since there is no homogeneity among tropical forest
fragments in their attributes, either edaphic, climatic or
biological. In addition, studies on leaf decomposition
may have their results changed due to contamination
of the material by soil, roots, soil fauna, among other
contaminants from the environment (Scheer, 2008).
According to Viera et al. (2014), the separation of
impurities adhered to decomposing plant material
is complex due to its fragmentation stage, being of
utmost importance to consider this fact in order to
better understand the decomposition process.

The decomposition curve obtained, with initial
peak and subsequent smoothing, followed negative
exponential simple model. Similar results were also
verified by Silva et al. (2013) and Grugiki et al. (2017)
in Atlantic Forest in southern state of Espirito Santo.
Guimaraes et al. (2009) and Sena et al. (2015) reported
that nonlinear models are the best to describe biological
parameters, since these parameters have hardly linear
behavior. The initial peak in the decomposition
process, with subsequent fall, occurs due to the
rapid mineralization of some nutrients and organic
compounds of greater solubility, and the fall in the
process is justified by the influence of constituents of
difficult decomposition, such as lignin, cellulose and
hemicellulose (Berg, 2000).

Also in southern state of Espirito Santo,
Grugiki et al. (2017) conducted a study with the
objective of evaluating the decomposition and release
of nutrients and microbial activity of leaflitter in forest
cover of Acacia mangium, Sapindus saponaria, Hevea
brasiliensis, and secondary forest. The authors found
greater initial leaf litter decomposition in secondary
forest and reported that this fact can be explained by
the diversity of plant species, which influences the
decomposition process since it affects the quality of the
substrate (leaves and roots, mainly), the decomposition
environment (microclimate) and, thus, the activity of
the decomposing community.

Another important factor in the evaluation oflitter
decomposition, in addition to its biomass, is its nutrient
content; therefore, litter is responsible for the retention
oflarge amounts of nutrients, constituting an important
form of return of mineral elements of vegetation to

the soil, in its decomposition (Caldeira et al., 2008;
Godinho et al.,, 2013a, 2013b). The degradation of
animal and plant residues in the soil is a fundamental
biological process to the ecosystem, in which carbon is
recycled to the atmosphere as carbon dioxide, nitrogen
becomes available as ammonia and nitrate, and other
associated elements (phosphorus, sulfur and various
micronutrients) assume inorganic forms and can then
be assimilated by plants (Stevenson & Cole, 1999).

The high N content and low C/N ratio of leaf
material propitiated the sharp initial decomposition,
with consequent nutrient mineralization. The plant
material that contains high N and P levels, as well as
low amounts of lignin, cellulose and hemicellulose,
have larger decomposition constant and nutrient
mineralization (Rheinheimer et al., 2000; Majumder et al.,
2010). However, there is variation in the mineralization
of each nutrient during the decomposition of plant
residues, as also observed by Viera et al. (2014).

In a study performed by Bachega et al. (2016), in
Itatinga, SP, in the period in which the mixed planting
of Eucalyptus grandis and Acacia mangium legume was
between one to two years, the authors reported that
the addition of nitrogen-fixing species in a eucalyptus
monoculture may influence leaflitter decomposition.
However, this fact depends on the establishment of a
microbial community capable of breaking the constituents
of both materials. The study area in Itatinga presented
successive years with plant cover only of eucalyptus,
which led to soil specialization and its community of
decomposing microorganisms to act on its own litter
considered recalcitrant and with high C/N ratio.

The rapid mineralization of plant residue K
occurs due to its easy leaching, for being free inside
plant cells, since this is not a structural component of
plant compounds (Costa et al., 2005; Scheer, 2008).
In opposition, Ca has a delay in its mineralization
process through decomposition, since this nutrient
is a structural component of plant tissues, presenting
low mobility (Godinho et al., 2014). It should be noted
that the Ca return to the soil via litter decomposition
is generally considered high in most tropical forests
(Vitousek, 1984).

The lignin and cellulose contents, as well as the
C/N and Lig/N ratios of the present study were lower
than those found by Gama-Rodrigues et al. (2003), in
litter from native forest species in Southeastern state
of Bahia. According to Carvalho et al. (2012), organic
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compounds have their quality defined by means of
chemical composition, where C/N and C/P and Lig/N
ratios, as well as lignin, cellulose and hemicellulose
levels, will influence the OM decomposition process
and, consequently, the availability of nutrients to plants.
Thus, the differentiation of the constituents of foliar
plant material among these studies is influenced by the
diversity of the evaluated species, where leguminous
species stand out due to higher N concentrations
in the plant material (Meirelles & Souza, 2015).
Therefore, the dominance of the Fabaceae family, with
the occurrence of 44 species in the forest fragment
under study (Archanjo et al., 2012), highlights the
good quality of the leaf material for decomposition
and nutrient cycling.

The leaf decomposition pattern was positively
correlated with accumulated precipitation. Tropical
forests with well-developed structure and presence of
strata, provide microclimate favorable to the action of
decomposing fauna of organic matter, thus, the more
conducive for the microclimate in the accumulated
litter, the greater the presence and activity of fauna
and decomposing microorganisms (Menezes et al.,
2009; Pereira et al., 2013). However, the correlation of
decomposition with accumulated precipitation indicates
that the response of the decomposition process to
rainfall variation is not immediate, i.e. precipitation
accumulation over time is the determining factor of
greater importance. Thus, rainfall seasonality will
determine the decomposition dynamics, directly
regulating the activities of decomposing bodies, once
the return of rainfall after a dry period increases the
biodiversity of these organisms, providing an increase
in the litter decomposition rate (Sanches et al., 2009).

In general, the fragment of the Atlantic Forest
under study is characterized by great potential for
nutrient cycling, especially N, P and K. This feature
demonstrates fundamental importance for the
maintenance of tropical forests, once the soils of these
forests are naturally characterized by low natural
fertility, being dependent on cycling that promotes
nutrients digestion for reabsorption in a short period
of time (Rodrigues et al., 2007; Cunha et al., 2009;
Godinho et al., 2013a, 2013b).

5. CONCLUSIONS

Variations in leaflitter decomposition of Semideciduous
Submontane Forest occurred in response to air

temperature (average and minimum) and accumulated
rainfall over time, due to the immediate responses of
vegetation regarding precipitation.

The leaf material had rapid nutrient mineralization
in the decomposition process, providing speed in
the biogeochemical cycling of these nutrients in the
tropical forest ecosystem.
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