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ABSTRACT: Production and decomposition of litter is one of the most important entry sources of nutrients into the soil layers,
especially in Amazonian environments, where the soils with low natural fertility are. The study aimed to quantify the litter-forming
material intake in cerrado, cerraddo and forest environments in the Amazon. Ten conical collectors were set up in each study
environment. Collections were monthly held for one year. After each collection, the fractions of leaves, branches, reproductive
material and barks were all screened. The total litter production was of 4.24; 11.48 and 12.58 Mg ha' year” in the cerrado,
cerraddo and forest areas, respectively. The monthly deposition in the cerrado ranged from 0.13 Mg ha' to 0.75 Mg ha™, while
in the cerradéo the values were 0.52 and 2.18 Mg ha™' and in the forest, they were between 0.70 Mg ha' and 1.97 Mg ha™'. The
analysis and interpretation of the results allowed concluding that the litter deposition, for both the forest and cerraddo areas, is
higher than the one for the cerrado area, having a greater deposition in a period of water scarcity observed for all areas of this
study, with the leaves fraction having contributed with the highest percentage.

Key words: biomass; nutrient cycling; plant residues

Aporte de serapilheira em ambientes de cerrado, cerradao e floresta
na Amazonia, Brasil

RESUMO: A produgéo e decomposi¢éo de serapilheira constitui uma das vias de entrada mais importantes de nutrientes nas
camadas do solo, principalmente em ambientes amazdnicos, onde ha ocorréncia de solos com baixa fertilidade natural. O estudo
teve como objetivo quantificar o aporte do material formador da serapilheira em ambientes de cerrado, cerradao e floresta na
Amazénia. Foram instalados em cada ambiente de estudo dez coletores cdnicos. As coletas foram realizadas mensalmente
durante um ano. Apds cada coleta, realizou-se a triagem das fragbes folhas, galhos, material reprodutivo e cascas. A produgéo
total de serapilheira foi de 4,24; 11,48 e 12,58 Mg ha' ano™ nas areas de cerrado, cerraddo e floresta, respectivamente. A
deposicdo mensal, no cerrado variou de 0,13 Mg ha™' a 0,75 Mg ha™, no cerrad&o os valores foram de 0,52 e 2,18 Mg ha” e na
floresta, os valores variaram entre 0,70 Mg ha”e 1,97 Mg ha™'. A analise e interpretacdo dos resultados permitiram concluir que
a deposicdo de serapilheira para as areas de floresta e cerraddo sdo superiores que para a area de cerrado, sendo observado
para todas as areas deste estudo, maior deposicdo em periodo de escassez hidrica, tendo a fracéo folhas contribuido com o
maior percentual.

Palavras-chave: biomassa; ciclagem de nutrientes; residuos vegetais
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Introduction

Litter production is one of the most important entry
sources of vegetation nutrients into the soil, representing the
production of deciduous material from the vegetation cover
as well as the deposition of animal waste (Matos et al., 2017).
This production process is especially important in forests from
soils with low natural fertility, as is the case of most Amazonian
soils (Quesada et al., 2011).

Within this approach, several studies on litter input have
been conducted in the Amazonian biome (Silva et al., 2009;
Almeida et al., 2015; Malhi et al., 2015). However, since the
Amazon can be divided into up to 26 phenological regions (Silva
et al., 2013), generalizing these results for the entire biome
of inadequate manner (Almeida et al., 2015). Based on this
premise, there are different physiognomies in the westernmost
part of the Amazon, from dense forests to natural fields in the
southern Amazonas and northern Ronddnia. These natural
fields have characteristic physiognomic aspects, occupying an
estimated area of 3,418 km? (Vidotto et al., 2007), and having
the presence of forest, cerrado and cerraddo physiognomies
found in this geographic environment.

The forest is located at the points with highest landscape
and better drainage, functioning as a drainage divide and
showing a dense forest physiognomy (Campos et al., 2012).
The cerrado has a more uniform aspect formation, composed
by lower trees (Campos et al., 2012) and subjected to fire
pressure in the dry period, which is a frequent event that
influences the vegetation dynamics. The cerraddo, however,
presents as its predominant physiognomy the tree-shrub
component (Braun & Ramos, 1959).

Over the years, these environments have suffered impacts
on their natural cover due to anthropogenic activities such as
timber extraction, conversion of forests into pasture and land
grabbing. Although the Amazonas state has the lowest rate of
deforested area in the Legal Amazon, its southern portion has
become a new agricultural frontier, since it has had the largest
deforestation fronts in the state (Yanai et al., 2011).

In this matter, studies in regions with high deforestation
rates and consequently rapid and continuous changes in the
forest structure should be a priority in order to understand
what the effects of these said changes are, in both the short
and long terms, on the litter production (Almeida et al.,
2015). This very production has become a fundamental tool
in indicating the conservation stage of natural and reforested
environments nowadays. Therefore, the aim of this study was
quantifying the input of litter-forming material in cerrado,
cerraddo and forest environments in the Amazon, Brazil.

Materials and Methods

Localization and characterization of the study areas

The study was conducted in three areas: forest (7234'10” S
and 6327°41.77” W), cerrado (7234.27°37” S and 6327'57.28"
W) and cerraddo (7234’19.70” S and 6327°49.66"” W),
contemplating an transition area between dense forest
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ecosystems and natural fields. They are located in the
southwest Brazilian Amazon, municipality of Humaitd, south
Amazonas , at the margins of the 319 Brazilian National Road
(BR 319), in an area belonging to the 54th Jungle Infantry
Battalion from the Brazilian Army (Figure 1).

These areas are generically characterized by the presence of
three distinct environments: the forest, having an established
dense forest physiography with the presence of species such
as Euterpe precatoria, Vismia guianensis, Orbignya speciosa,
Oenocarpus bacaba and Mabea subsessilis (Campos et al.,
2012). The cerrado, composed by vegetation with a more
shrubby aspect (Campos et al., 2010) with the occurrence of
species from the genera Andropogon and Paspalum as well as
twisted and spaced trees, such as the Curatella americana |.
and Eupatorium sp. (Campos et al., 2012), which are subject
to fire, acting as a disturbing element of the system. Lastly,
the cerraddo is composed by shrubs and a fine secondary
vegetation (“capoeira”) (Santos et al., 2012), having among
its most important species the Sclerolobium paniculatum,
Himatanthus sucuuba and Mabea caudata (Campos et al.,
2012).

The source material of the soils from these regions
comes from the alluvial sediments, which have originated
chronologically in the Holocene period (Brazil, 1978). In these
environments, there are Haplic Cambisols (Inceptisols), Haplic
Gleysols (Alfisols) and Red Argisol (Ultisols), all characterized
by low natural fertility and located in areas of flat and smooth
undulating relief (Campos et al., 2012).

Regarding the climatic characterization, according to
the Koppen classification, the region belongs to the A group
(Tropical Rainy Climate) and the Am climatic type (monsoon
rains) (Brazil, 1978). In addition, according to the Brazilian
National Institute of Meteorology (INMET), the region rainy
season occurs between October and March and the dry
season between June and August, with the rest of the months
considered as a transition period. Figure 2 illustrates the mean

Figure 1. Location of the studied areas. Map of Brazil,
highlighting the Amazonas state and the study areas on the
map of the municipality of Humaita — AM.
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monthly distribution of precipitation and temperature from
April 2018 to March 2019, the period in which the collections
took place.

The greatest rainfall precipitation was in January, with a
drastic reduction in June. The maximum air temperature was
of 27.95 oC in September 2018, a transition month between
the dry and rainy period, and the minimum temperature
was of 24.34 2C in June 2018, at the start of the dry period.
(Figure 2). In a similar fashion, the relative air humidity had a
maximum value of 87% in December and a minimum of 68%
in July.
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Figure 2. Monthly mean of climatic data on precipitation and
temperature from April 2018 to March 2019, obtained at the
climatological station in the municipality of Humaitd — AM.
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Litter input evaluation

For the litter input evaluation, an area of approximately
one (1.0) hectare was delimited in each studied environment
(cerrado, cerraddo and forest), in which 10 conical collectors
with an area of 0.21 m? (perimeter equal to 1.62 m) were
randomly distributed. These collectors were constructed
with a %” tube made of polyethylene plastic material, having
also a nylon net bottom with a 1 mm mesh for preventing the
loss of smaller material and enabling the water exit (Figure
3).

The collectors were set up 30 cm above the ground for
avoiding litter loss due to the action of microorganisms. Each
one was previously identified with a number and the litter
production was evaluated considering the material deposited
in the suspended collectors (Figure 4).

Collections took place monthly during the period from April
2018 to March 2019. The procedure for collecting the material
inside the collector consisted of manual selection. After each
collection, the fractions of leaves, branches, reproductive
material (flowers and fruits) and barks went under screening
and subsequently drying in an oven with forced air circulation
at 45 °C until reaching constant weight, followed by weighting
on a precision scale to obtain the dry weight. The obtained
data allowed estimating the monthly and annual means of the
litter produced by the studied environments, as well as the
percentage of each evaluated fraction.
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Forest

Figure 3. Positioning sketch of the conical collectors set up in
the cerrado, cerraddo and forest areas in the south Amazonas
during the period from April 2018 to March 2019.

Figure 4. View of the litter collectors set up in the study areas.
A- cerrado; B- cerraddo; C- forest.

Monthly (Mg ha) and annual (Mg ha? year?) litter inputs
were represented by transforming the dry weight of each
fraction (grams) in relation to the collector area (0.21 m?3).

In order to check for possible differences in the litter
input of the different areas, the analysis of variance was
performed using a completely randomized design (CRD) with
10 replicates. Means found for the variables were compared
using the Tukey test with a 5% significance level, performed
using the computer program Statistical Package for Social
Sciences (SPSS), version 12.5.

Results and Discussion

Litter input

The total amount of litter produced was of 4.24; 11.48
and 12.58 Mg ha! year for the cerrado, cerradéo and forest
areas, respectively. The total annual stock in the cerraddo area
equaled the quantified one in the forest, which had values
higher than the verified for cerrado (Figure 5A). However,
considering the great structural difference of the cerrado in
relation to the other areas, higher inputs values in the forest
and cerraddo are accepted, since the cerrado has a semi-open
vegetation with spaced trees, small and with little biomass per
area unit (Matos et al., 2017).
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In relation to the monthly litter production, the input in
cerrado varied from 0.13 Mg ha? in June to 0.75 Mg ha* in
September. In the cerraddo, the values found were 0.52
and 2.18 Mg ha! in the months of January and September,
respectively. As for the forest, the lowest value found was 0.70
Mg hatin January and the highest was 1.97 Mg ha in August
(Figure 5B).

The amount of material input to the forest over the year
equaled the quantity input to the cerraddo, with the exception
of December, month in which all areas differed, with the
highest production in the forest and the lowest in the cerrado
(Figure 5B).

Giacomo et al. (2012) observed a litter production pattern
equal to the one verified in this very study in the forest area,
with greater inputs from July to September and a considerable
decrease from October onwards. The authors concluded
that this pattern is due to the seasonality influence on this
vegetation type.

The seasonality effect on the litter production is well
discussed by authors such as Brasil et al. (2017) and Holanda
et al. (2017). According to them, there are two patterns for
the annual litter production in Brazilian ecosystems: the first
one occurs due to a greater deposition in the dry period of the

Figure 5. Litter input in cerrado, cerraddo and forest areas
in southern Amazonas during the period from April 2018 to
March 2019. Same letters in the column do not differ by Tukey
test at 5% level. A) Total litter input; B) Monthly litter input.
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year, a characteristic phenomenon of Amazonian ecosystems,
in mesophytic and cerrado forests; the second one consists of
the largest deposition in the wet season, common in restingas
and Atlantic forests.

When analyzing the litter input in the cerraddo area, there
was no difference in the months of April, May, July, January
and February in relation to the cerrado area (Figure 5B). In
these environments, the largest litter production recorded
was at the end of the dry period (August and September),
since September is considered a transition month in the
region and the maximum rainfall recorded was still relatively
low (Figure 2). Silva et al. (2007) also found in their study that
the largest litter input occurred during the dry season in the
areas of cerrado sensu stricto, cerraddo and transition forest.
These results suggest the notion that the greatest reduction in
plant material occurs regulated by the lowest water input for
the vegetation (Almeida et al. 2015).

However, the small amount of material input to the
cerrado and cerraddo areas in the months of June and July
may be related to fires in the region during this period, a
phenomenon that is common in both cerrado and cerradédo
environments during the dry season. Ostensibly, this is the
common ecological strategy among the savanna species
(Antoneli & Francisquini, 2015). Moreover, an optimum litter
accumulation is required for such fires to take place.

Figure 6 displays the total percentage values from the
litter fractions input. The percentages from the fractions
of leaves and reproductive material tended to increase in
cerraddo and forest areas, while the fractions of branches
and barks had a higher percentage in the cerrado area. This
pattern may be related to the large number of dry branches
and barks that expire during the dry season, a characteristic
cerrado phenomenon, and are easily detached by the action
of rainwater and wind (Silva et al., 2007).

Leaves represented a greater proportion in all environments,
averagely contributing with 54.5%, 68.8% and 68.6% in cerrado,
cerraddo and forest areas, respectively (Figure 6). According
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Figure 6. Percentage values from the total deposition of litter
fractions in cerrado, cerraddo and forest areas in southern

Amazonas during the period from April 2018 to March 2019.

ar7



Litter input in cerrado, cerradao and forest environments in Amazon, Brazil

to Calvi et al. (2009), the leaf fraction usually participates
in a greater proportion in the litter biomass. However, the
magnitude of this contribution mainly depends on the species,
location structure and on how old the trees are (Nascimento et
al., 2015). Bianchi et al. (2016) found a direct relation between
the litter input and the canopy development. Based on these
data, it can be inferred that the greater litter deposition in the
cerraddo and forest areas occurs due to the greater number of
individuals, the proximity between them and, consequently,
the greater coverage of the area in comparison to the cerrado
environment (Campos et al., 2008).

Concerning the temporal variation of the litter fractions,
there was a greater deposition of leaf material in the dry
period. The month of greatest deposition of this fraction was
August (Figure 7A). The higher leaf deposition value in August
is compatible with the observed by Campos et al. (2008) in a
study conducted in a fragment of cerrado stricto sensu.

Leaves

One of the factors for the occurrence of this phenomenon
may be related to the resistance mechanism from some
plants to the water stress that, for avoiding water loss
through transpiration, deposit a large amount of leaves in
this period, thus reducing the water need (Marques et al .,
2017). Litter production studies conducted by Nascimento
et al. (2015); Ourique et al. (2016); Aquino et al. (2016);
Moura et al. (2016); Brasil et al. (2017) and Marques et al.
(2017) also observed the maximum litter production in the
dry period.

Furthermore, it is known that several cerrado species are
deciduous, with the largest input occurring in the dry period
of the year (Valentini et al., 2014). Deciduous species are
also common in the cerraddo. As according to Bianchi et al.
(2016), even though they may be perennial, many species
common to cerraddo show deciduousness in certain periods
of the dry season. On the other hand, tropical forests
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have a wide variation between their species, impairing the
determination of whether they are evergreen or deciduous.

One hypothesis for the higher value of the branches input
in the cerrado and forest areas in April (Figure 7B) may be
related to damage caused to the vegetation due to the rains
in this month (Figure 2), causing this structure to detach
from the trees. Konig et al. (2002) also reported that the
input from variable branches amounts could be attributed
to adverse climatic phenomena occurrences, such as storms
with abnormal winds.

Regarding the reproductive material input, its intensity in
the forest area was verified. Moreover, its largest inputs were
during the rainy season, in January and February, reaching its
maximum production value in March. While for cerradéo and
cerrado, the largest input of this fraction was in September
and October, respectively, the dry period of the study region.
However, the observed for all areas was that the production
occurred throughout the year, but with variable quantities
(Figure 7C), suggesting that the reproductive material
deposition is linked to the dispersion strategy adopted by the
species for their reproduction and does not depend only on
microclimate variations (Holanda et al., 2017).

According to Gidcomo et al. (2012), each fraction
proportion in litter is possibly related to the phenology of the
species present in each area, which would result in a varied
distribution in each fraction proportion.

When analyzing the bark fraction, a greater input was
verified during May in the cerraddo, while the highest
production was estimated in June in the cerrado and in
the forest (Figure 7D). However, for better explanations,
monitoring the phenological behavior of the species during
the collection stage is necessary, aiming to collect data that
can help explaining the obtained results, and even determine
the isolated influence of each species for a certain event
occurred in the production process (Nascimento et al., 2015).
In this regard, for conducting studies with the same focus as
this one, we propose a previous floristic survey of the areas
under study.

Conclusions

Litter deposition, for the forest and cerraddo areas, is
superior to the cerrado area, with the same verified for all
areas from this study, together with the greater deposition in
a period of water scarcity, with the leaf fraction contributing
the highest percentage. This phenomenon can be related to
the adjustment of the plants in order to prevent water loss
through transpiration.
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