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Seasonal litterfall and nutrients in an Atlantic Forest fragment
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ABSTRACT

Litter dynamics is one of the fundamental processes for the growth and maintenance of
native forest fragments, being considered the main pathway for nutrient cycling in forests.
Studies on litter production and nutrient content therefore provide insights that provide a better
understanding of nutrient dynamics. This study identifies the seasonality and meteorological
conditions that influence the quantity and return of nutrients through litter in an Atlantic Forest
fragment. Litter sampling was carried out monthly in 12 permanent plots. Each plot contained
5 littertraps distributed systematically. The litter was classified, and the dry mass and nutrients
in the leaves and branches and miscellaneous fractions was quantified. Seasonal behavior was
observed, with the highest depositions in the winter season. The average annual production was
6.78 Mg hal, with 64.9% being composed of leaves. The mean annual nutrient intake was
135.1, 115.7, 39.7, 23.5, 17.6 and 4.6 kg ha™ for Ca, N, K, Mg, S and P, respectively. The
meteorological variable precipitation influenced the deposition pattern. The increase in
nutrient-use efficiency in the second year compared to the first indicates that plants strategically
may be re-translocating relative amounts of their nutrients under water stress conditions.

Keywords: ecosystem functions, nutrient cycling, secondary succession.

Sazonalidade da deposicao de serapilheira e nutrientes em um
fragmento de Floresta Atlantica

RESUMO

A dinamica de serapilheira € um dos processos fundamentais para o crescimento e
manutencdo de fragmentos florestais nativos, sendo considerada a principal via da ciclagem de
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nutrientes em florestas. Dessa forma, estudos sobre producdo de serapilheira e conteudo de
nutrientes fornecem subsidios que proporcionam um melhor entendimento da dindmica dos
nutrientes. O objetivo do estudo foi identificar a sazonalidade e as condi¢cGes meteoroldgicas
que influenciam na quantifidade e no retorno de nutrientes através da serapilheira em um
fragmento de Floresta Atlantica. A amostragem de serapilheira foi realizada mensalmente em
12 parcelas permanentes. Cada parcela continha 5 coletores distribuidos sistematicamente. A
serapilheira foi classificada, quantificada a massa seca e nutrientes nas fragdes folhas e galhos
+ miscelanea. Foi constatado comportamento sazonal com as maiores deposic¢des na estacdo do
inverno. A produgdo média anual foi de 6,78 Mg ha™, sendo 64,9% composta por folhas. A
entrada média de nutrientes anual foi de 135.1, 115.7, 39.7, 23.5, 17.6 e 4.6 kg ha* para Ca, N,
K, Mg, S e P respectivamente. A variavel meteoroldgica precipitagdo apresentou influencia no
padrdo de deposicdo. O aumento na eficiéncia do uso de nutrientes no segundo ano em
comparagdo com o primeiro indica que as plantas estrategicamente podem estar retranslocando
quantidades relativas de seus nutrientes sob condicdes de estresse hidrico.

Palavras-chave: ciclagem dos nutrientes, indicadores ecolégicos, sucessao secundaria.
1. INTRODUCTION

The continued exploitation of natural resources is responsible for forest fragmentation and
consequent loss of biodiversity (Fahrig, 2003). Both the fragmentation of forest remnants and
the decrease in biodiversity result in a reduction in carbon stock and nutrient cycling capacity
(Bello et al., 2015; Wolf et al., 2013). The Atlantic Forest biome is a biodiversity hotspot
(Strassburg et al., 2020); however, it has been the most affected in recent decades, with only
12.4% of the 131 million hectares of native forest remaining. The state of Espirito Santo is fully
inserted in this biome; however, only 10.5% of the original area remains (SOS Mata Atlantica,
2020). The forest cover in the south of the state is formed by small fragments of Seasonal
Semideciduous Forest, due to a series of anthropogenic disturbances (Godinho et al., 2013).

The assessment of nutrient cycling is an indicator for the degree of sustainability of
ecosystems (Haag, 1985; Balieiro et al., 2004). Nutrient cycling is the process in which the
nutrients adsorbed by plants return to the soil through the input and decomposition of plant
tissues, where they will be mineralized and made available again to plants (Odum, 1988). This
process is of great importance for natural systems, especially in tropical areas, where the soils
are highly weathered (Laliberte et al., 2013).

The organic material constituted by leaves, branches, bark and plant reproductive material,
which is deposited in the soil via vegetation, is called “litter” (Kramer and Kozlowski, 1960;
Fassebender, 1993). Assessment of litter seasonality and nutrient content for two years or more
can provide a better understanding of nutrient dynamics across the biogeochemical cycle. This
information supports the choice of the most suitable species for the formation and enrichment
of the fragments (Caldeira et al., 2008). In addition, monitoring of litterfall has been shown to
be a good proxy for estimates of net primary production (NPP) in tropical forests on annual or
multiannual scales (Malhi et al., 2011) and the capacity to respond to external disturbances
(Oliveira and Lacerda, 1999).

Determining a reference ecosystem is important for defining strategies for monitoring
restoration programs (Martins et al., 2012). Investigating the nutrient return through litterfall
represents an important indicator for soil fertility in areas in early stages or secondary
successions (Martins, 2016; Sanchez and Alvarez-Sanchez, 1995).

Leaves, in quantity and nutrients, are the main litter component for most terrestrial
ecosystems (Berg and Laskowski, 2005). The percentages, according to the review carried out
by Zhang et al. (2014), range from 64 to 73% of this component among different forest
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formations in the world. Leaf litter responds to changing weather conditions (Chave et al., 2010;
Wagner et al., 2016). In tropical forests, it is observed that long periods with low precipitation
promote a reduction in soil moisture and, consequently, an increase in xylem tension. These
factors promote stomata closure (Nepstad et al., 2002). Associated with low water availability,
lower temperatures are similarly responsible for litter peaks (Lawrence, 2005; Wang et al.,
2021).

Based on these reasons, monitoring litter composition and its nutrients is essential for forest
fragment restoration strategies. Considering that meteorological variables influence litter
seasonality, this study evaluated the deposition and input of nutrients over two years.

2. MATERIALS AND METHODS

2.1. Characterization of the experimental area

The study area was located in (RPPN) Private Natural Heritage Reserve Fazenda Boa
Esperanca (IBAMA, 1998) The RPPN is located in the municipality of Cachoeiro de
Itapemirim, southern Espirito Santo, at coordinates UTM/SIRGAS2000 268275.48 E and
7707754.70 S (Figure 1). The RPPN has a total area of 517 ha, comprising four forest
fragments. The present study, inserted in the Itapemirim River Watershed, was carried out in a
forest fragment with an area of 358.86 ha, belonging to the Burarama — Pacotuba — Cafundo
ecological corridor. The average altitude of the 12 plots was 110 m, ranging from 91 m to 160
m. The average slope was 6.7%, ranging from 1% to 25%.

266863,08 268275,48 269687,88

7709094 49

NVv3O0 J1410vd

7707754,70

770641401

Figure 1. Location of the experiment and plots in the RPPN in an Atlantic Forest fragment
in southeastern Brazil.
Source: Delarmelina (2015), adapted by the author.

The vegetation in the present study area is classified as Submontane Seasonal
Semideciduous Forest (IBGE, 2012). In a study on the structure of the arboreal component of
the area, Archanjo et al. (2012) observed high richness of late secondary species (58%), low
density of early succession groups (26%) and pioneers (0.2%), indicating that it is a well-
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preserved forest fragment with an advanced stage of succession. The density verified was 1823
plants ha*, with 258 species and 54 families. The five largest families represent 43% of all
species (Fabaceae, Myrtaceae, Euphorbiaceae, Sapotaceae and Rubiaceae). The most common
species are: Astronium concinnum, Pseudopiptadenia contorta, Neoraputia alba, Astronium
graveolens and Gallesia integrifolia (Delarmelina 2015).

The climate of the region, according to the classification of Kdppen, is of the Aw type
(tropical with a dry season in winter) (Alvares et al., 2014), with an average temperature of the
minimum of the coldest month of 11.8°C, and the average of the highs of the hottest month of
34°C (Pezzopane et al., 2012). According to rainfall characterization maps of Espirito Santo,
the annual rainfall in the study area is between 1200 and 1300 mm (INCAPER, 2017).

Precipitation data, for the study period and for the historical series (1987 - 2016), were
obtained from the National Water Agency (ANA) station (02041002), located in the
municipality of Castelo - ES, approximately 12 km away from the study area. The temperature
data are from the automatic surface meteorological station of the National Institute of
Meteorology (INMET) (Alegre-A617), located in the municipality of Alegre — ES,
approximately 26 km from the studied area. The history of monthly averages for this variable
was obtained with data from the same station, for the period of 2006 to 2016, Figure 2.
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Figure 2. Climatic diagram during the research period and average of the historical series (1987 - 2016)
obtained by an automatic station (ANA) located 12 km away.

The study area has soils of the Planosol, Cambisol and Ferrasol types. To determine the
attributes of the soil, the samples were chipped, dried in the shade and sieved (2 mm of mesh),
obtaining the fine air-dried soil (TFSA). Later, they were used to determine physical and
chemical attributes, according to Embrapa (2011). The sandy textural class was observed in
Planosol and Cambisol, while the more clayey texture was observed in Ferrasol. Soil pH ranged
from 3.3 to 6.07 and higher acidity was found in Ferrasol type. The contents of K, Ca?* and
Mg?*, as well as SB and a t were higher in the superficial horizons of the Cambisol and Ferrasol
profiles. In general, the soils in the region of the Planosol and Cambisol profiles were more
fertile than the soil in the region of the Ferrasol profile, as verified by the higher values of P,
SB and V.

2.2. Litterfall
The monitoring of litter deposition was carried out monthly from April 2014 to March
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2016. For this, 12 permanent plots with dimensions of 20 m x 50 m were demarcated, Figure 1,
totaling an area of 12000 m2. The plots were systematically distributed in the area, 350 meters
away from each other.

For the collection of litter, a total of 60 litter traps were installed systematically, 5 littertraps
in each plot, with a collector near each vertex and one in the center of the plot. The collectors
were made in a square format, with P\VC material and 2 mm nylon mesh, having 0.75 m on
each side (area of 0.5625 m?) and 1 m high from the ground (Scoriza et al., 2012; Castro, 2014).

After collection, the litter was classified into the leaf fractions and the twigs +
miscellaneous fractions, represented by twigs with a diameter less than 2 cm, bark, reproductive
material and other plant material whose identification was not possible. After classification, the
samples were stored in paper bags and dried in an air-circulation oven at 65°C. When they
reached constant weight, the material was weighed on an analytical balance (0.001 g) to obtain
the dry mass. With the dry mass data, the fractions and the total litter deposited per unit area
(kg hal) were calculated. The samples of each monthly fraction were homogenized to obtain
three representative monthly samples of each fraction. They were shredded in a Willey-type
mill with a 1-mm mesh (20 mesh) sieve. Subsequently, they were sent for chemical analysis of
the plant material.

2.3. Chemical analysis

The chemical analyses of the macronutrient (N, P, K, Ca, Mg and S) concentrations of the
litter were carried out at FULLIN — Laboratory for Agronomic, Environmental Analysis and
Preparation of Chemical Solutions. Nitrogen was extracted by sulfuric digestion and
determined in a Kjeldahl distiller, while the other nutrients were extracted by nitro perchloric
digestion, with phosphorus and sulfur being determined by optical spectrophotometry, and
potassium, calcium and magnesium determined by atomic absorption spectrophotometry
(Tedesco et al., 1995).

The values of nutrient utilization efficiency (NUE) were obtained according to a
calculation proposed by Vitousek (1982) (Equation 1) using the relationship between the
amount of dry biomass of each component and the amount of nutrients stored in the respective
biomass.

Dry mass (kg ha™1)

NUE = Nutrient (kg ha™1) (1)

The amount of macronutrients (kg ha! month™) of the litter was obtained by multiplying
the dry mass (kg ha® month™) by the nutrient concentration (g kg*), according to Equation 2
(Cuevas and Medina, 1986).

AN = [Nutrient] x DM (2)

Where:

AN = Amount of nutrients (kg ha™* monthly™);
[Nutrient] = Nutrient concentration (g kg™);
DM = Dry mass (kg ha* més™).

2.4. Statistics and Data Analysis

Data analysis was performed using the R software (R CORE TEAM, 2016). For the amount
of litter, the 12 plots represented the repetitions while the seasons were the treatments: summer
(January, February and March), autumn (April, May and June), winter (July, August, and
September) and spring (October, November, and December). A statistically significant
difference was verified by applying the ANOVA Test (p-value < 0.05).
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The analysis of the influence of meteorological variables on litterfall was verified through
Spearman’s correlation between the amounts of litterfall dry mass and the meteorological
elements (air temperature, precipitation and evapotranspiration) for the period of this study.

3. RESULTS AND DISCUSSION

3.1. Amount of litter
Litter deposition over 2 years was 8806 kg ha™ or 4403 kg ha™* year. The leaf component
represented 64.9% of the total, while twigs + miscellaneous accounted for 35.1% Figure 3.
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Figure 3. Seasonal litter falls over two years in different components in an Atlantic Forest
fragment located in southeastern Brazil.

Different letters between seasons for the same fraction represent a statistical difference (p <
0.05). Bars: Confidence Interval (95%).

When analyzing the deposition over the seasons, it is observed that the two winter seasons
represented the largest contributions, being that the winter of 2014 differed statistically from
the autumn of 2014 and 2015, in addition to the summer of 2016 for the total litter fall. The leaf
fraction is responsible for the variation in the total litter contribution between the seasons of the
year, since this fraction had, in all seasons, a greater mass contribution than the twigs +
miscellaneous fractions.

Referring to litterfall composition, it is observed that there was important variation along
the seasons. It is also observed that in the spring 2014 and 2015 and summer 2016 seasons, the
leaf component represented 60% or less of the total litter fall. These seasons recorded rainfall
of around 300 mm.

During the winter seasons, there was an increase in the leaf fraction, representing 69 and
73% of the total litterfall. The explanation for the result can be attributed to the decrease in
precipitation during the winter, less than 100 mm. Through the Spearman correlation between
meteorological variables and litter components, it is possible to conclude that these
environmental variables influence the litter deposition pattern throughout the seasons.
Spearman’s statistics showed that there was a significant correlation between litterfall and the
accumulated precipitation of 3, 4 and 5 months. The leaf fraction responded better to
precipitation while twigs + miscellaneous did not show significance.

The correlation analysis was significant for the first year only for accumulated rainfall in
the months preceding the collection. The correlation was inversely proportional and occurs for
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the two fractions and for the litter total.

The annual contribution of litterfall varies depending on the interaction of biotic and
abiotic factors in each ecosystem (Delarmelina, 2015). This author observed that the greatest
litterfall coincides with the end of the dry period, a fact also observed by Pinto et al. (2008),
Godinho et al. (2013), and reaffirmed in this study.

In a transitional region between the Amazonian biome and the Cerrado, in the municipality
of Nova Xavantina MT, Peixoto et al. (2018) found a significant negative correlation between
rainfall and litterfall. The authors evaluated rainfall in two different years and observed that the
year with the lowest rainfall provided a significant increase.

Compared with previous studies (Godinho et al., 2013; Delarmelina, 2015), there is a
reduction in the total amount of litter in the order of 38%. In the first year of monitoring,
9268.54 kg ha™ of litter was quantified and only 5741.44 kg ha* in the second year. This
variation in litter input is expected within the same forest formation, as there is variation in the
conditions of each site (Pezzato et al., 2006; Pinto et al., 2008; Pimenta et al., 2011). However,
this reduction occurred at the same site and must be associated with environmental disturbances
that have occurred over time (Sato et al., 2010). Precipitation may be the main cause of variation
in the input. During the study by Godinho et al. (2013), the accumulated rainfall in the year was
1267 mm, while in this study it was 771 mm and 940 mm in the first and second year,
representing reductions of 39.1% and 25.8%, respectively.

In the studies by Godinho et al. (2013) and Delarmelina (2015), no significant correlation
was observed between litter input and the climatic elements’ temperature and precipitation.
However, according to Arato et al. (2003), there is a delay in the response of vegetation to
climatic elements and water stress, indicating that litter deposition does not have an immediate
cause/effect relationship with precipitation. This delay in the response of litter input was found
by Scoriza and Pifia-Rodrigues (2014), who observed a significant correlation between the total
input and the rainfall that occurred in the months before collection, in a fragment of
Semideciduous Seasonal Forest. Thus, the correlation between the litter input and the
accumulated precipitation in periods before the litter input allows us to infer that this correlation
also occurs over the years according to the annual water regime.

The correlation of total litter with precipitation was also evidenced for leaves. Since this is
the most representative fraction (Schumacher et al., 2011), its contribution pattern should be
associated with the pattern of total litter, a fact observed in this study and in other works
(Vendrami et al., 2012; Scoriza and Pifia -Rodrigues, 2014). In a work carried out by Godinho
et al. (2013), the authors observed a high correlation between the contribution of the leaf
fraction and the total litter input, demonstrating the possibility of using this fraction as an
indicator of litter production in forest ecosystems.

The variation in the amount of twigs + miscellaneous fractions between years is attributed
to twigs because miscellaneous has low representation in the total litter input (Delarmelina,
2015). According to Pinto et al. (2008), the deposition of the twig fractions may occur in
response to biotic factors, with a delayed effect over time, generating a deposition pattern
marked by temporal heterogeneity.

3.2. Chemical composition of litterfall

As shown in Figure 4, some nutrients showed statistically significant differences in
concentrations over the seasons. In general, the winter seasons registered lower concentrations
of nutrients. The statistical difference was significant in potassium, calcium and magnesium. A
possible explanation for this fact is associated with the long period with rainfall around 31.8%
below the historical average. This may be developing hydric stress to the vegetation and,
consequently, less translocation of photoassimilates, thus requiring their translocation from
mature plant tissues to younger tissues.
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According to McCree and Fernandez (1989) and Taiz and Zeiger (1991), the response of
plants to water deficit consists of decreasing leaf area production, closing the stomata,
increasing leaf senescence and abscission. Water deficit increases leaf senescence (Wright et
al., 1983), because dry soil cannot provide necessary nitrogen to supply crop growth. Therefore,
the nitrogen from the interior of the plant is translocated from the more mature leaves to the
growing tissues.

28 1,0 14
] A A
26
o~ 0,97 o
=227 5 0,8 £
P 0
8 0] E
£ 2 5 B
Z ] & 0.7 S
L ki 3 &
] 0,67 m
14
0,5-
Aut‘Win‘ Spr Sum‘ Aut‘Win‘ Spr{Sum Aut‘Win‘ Spr Sum‘ Aut‘Win‘ Spr [Sum Aut‘Win‘ Spr Sum‘ Aut‘Win‘ Spr|Sum
2014 2015 2016 2014 2015 2014 2014 2015 201
Season Season Season
6 4,0
A A A
A
A AB -~ A a AB
g o A =
=z &= B3 AB
d | U i C ]
| 74 5 AB[T B ]
BC g 3 AE
= B % m i Bl =
T oc E B| 3 B
LES
12+ £
2,0—
Aut‘Win‘ Spr Sum‘ Aut‘Win‘ Spr [Sum Aut‘Win‘ Spr Sum‘ Aut‘Win‘ Spr|Sum Aut‘Win‘ Spr Sum‘ Aut‘Win‘ Spr [Sum
2014 2015 201 2014 2015 2016 2014 2015 2016
Season Season Season
2 =1, =1
= Al < g
) 2 2 A
=) 21,17 290
Fad g A 5
5 ‘7 AB
318— A %1,(T A E s [ AB
= A hoaa £oo g |7
3 16 g A A g 6 ? B B B
8 167 ot o
ol go=ElR : e
S A L 2 @ T 4 ] e
o 147 3 o e
£ 2 2 &
2T 1 g z L
S toel A i e L
2 2% & 2
2 z e
10 0,57 o
Aut‘Win‘ Spr Sum‘ Aut‘Win‘ Spr |Sum Aut‘Win‘ Spr Sum‘ Aut‘Win‘ Spr|Sum Aut‘Win‘ Spr Sum‘ Aut‘Win‘ Spr|Sum
2014 2015 201 2014 2015 201 2014 2015 2016
Season Season Season
— =35 28
M A o o
cod AB C A 226 A
b=e AB £ o A
£ AB g3 A A =
=] FH = 2
3 AB I | @ A 0 £24
] AB [+ 5 7]
% 207 m £2, £ ap L AB E] 2,2
2 |m L g B g
s |& g + o 20
5 5 g4 N
815 T i a
2 9 =18
3 =15 v
) P L] 816
= i=d e H £
Z 10 ] =
1,07 1,4
Aut‘Win‘ Spr Sum‘ Aut‘Win‘ Spr|Sum Aut‘Win‘ Spr Sum‘ Aut‘Win‘ Spr|Sum Aut‘Win‘ Spr Sum‘ Aut‘Win‘ Spr [Sum|
2014 2015 2016 2014 2015 2016 2014 2015 2016
Season Season Season

Figure 4. Seasonality of nutrient concentration in leaves and twigs + miscellaneous
fractions, in an Atlantic forest fragment over two years.
Different letters between seasons represent a statistical difference (p < 0.05).
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The macronutrient content in litterfall over the two years shows that the seasons with the
highest nutrient input coincide with the seasons with the highest litter amounts, Figure 5.
Following this pattern, the nutrient inputs from the first 4 seasons provided the highest amounts
of all macronutrients when compared to the subsequent 4 seasons. A total of 403 kg ha™* of
macronutrients were input in the first 4 seasons against only 269 kg ha in the 4 subsequent
seasons. This provides a difference of 133.82 kg ha, or 33.2% of the second period compared
to the first. The order of macronutrient content of the litter input was Ca> N > K > Mg > S >
P, for the two years.

80 -

EN e (%) of nutrients in litterfall
<
™ = . .
- 8 | +
7201m P 5 S Leaf mTwigs + Miscellaneous
[
1 <
BK £
60 - 2 2
0 Ca = ..
~~ " [T) 70%
— . -
o laMg £ | : o)
c g
(=] E
g |85 i
t.n40 E g
R . .
c . L a1
2 [ - <
S30 - B &
530 " 3 5 $ .
=z Q o Q- . : %
< =] rﬂ - . [ee]
(=] N 1:3:3 ED ~
212 5
= - =
01 | - = :
Autumn Winter Summer
2014 2016

Figure 5. Annual and seasonal nutrients in litter fall over two years in an Atlantic Forest
fragment located in southeastern Brazil.
Different letters between seasons for the same nutrient represent a statistical difference

(p < 0.05).

The monthly contribution of macronutrients via the leaf fraction had a pattern of variation
similar to that provided by the total of the two fractions. The total content of macronutrients in
the leaf fraction was 288.08 and 185.54 kg ha''' that is, a reduction of 35.6% for year 1 and year
2, respectively. In this fraction, the order of macronutrient content contributed via litter was the
same as the total for year 1 (Ca> N > K > Mg > S > P), inverting Ca with N for year 2 (N > Ca
>K>Mg>S>P).

In general, the leaf fractions presented a greater contribution to nutrient cycling, in relation
to the twigs + miscellaneous fractions. The leaf fractions contributed 71.5 and 68.9% (year 1
and year 2) of the total macronutrient input.

The greatest contributions of macronutrients from the twigs + miscellaneous fractions were
observed in the seasons with the greatest contribution of mass of these fractions. The respective
fractions registered a reduction of 115 kg ha to 83.7 kg ha* from year 1 to year 2. This
represents a decrease of 27.2%. The order of macronutrient content in these fractions in the two
years was the same as observed in the total input (Ca>N>K >Mg>S >P).

The fluctuation in the amount of litter influenced the contribution of macronutrients
between seasons and years of study. This variation was also observed by Godinho et al. (2013)
and by Delarmelina (2015), who found a greater input of nutrients in the months with the

R Rev. Ambient. Agua vol. 17 n. 1, e2775 - Taubaté 2022
IPABH1



10 Diégo Gomes Janior et al.

highest litter input, coinciding with the period with the highest leaf input, the fraction
responsible for the largest amount of input nutrients. Comparing the results of these authors
with the present study, it is possible to see that both the supply of nutrients and litter decreased
over time.

In a tropical rainforest located in Central America, Panama, Sayer et al. (2020) found
nutrient returns by litterfall of 191, 6.3, 59.5, 207 and 46.5 kg ha of N, P, K Ca and Mg,
respectively. These quantities are higher than the values of the present study and can be
explained by the stage of maturity of the forest, the type of denser forest formation and the more
favorable climatic conditions. When compared with studies carried out in other tropical forests
(Vital et al., 2004; Pinto et al., 2008), and with studies in the same area (Godinho et al., 2013;
Delarmelina, 2015), it is possible to see that the contribution of N, P and Ca were lower in the
two years, while K and Mg in year 1 were within the range of the studies cited, being below for
year 2.

The greater amount of Ca in the litter input, when compared to the other macronutrients, it
Is due to the fact that it is a structural and non-soluble element, having low translocation
capacity from mature to younger tissues (Konig et al., 2002; Schreeg et al., 2013). The low
return of P is a reflection of the low natural fertility of tropical soils, such as the soil in the
present study, and because this is a nutrient that has high redistribution in plant tissues. This is
an adaptation of forest species in low fertility soils (Espig et al., 2009).

3.3. Nutrient Use Efficiency

The order of efficiency in the use of macronutrients according to the average of the years
was: P> S > Mg > K >N > Ca, Table 1. The efficiency in the use of macronutrients P, K, Ca
and Mg increased from year 1 to year 2 in both fractions and the total amount of litter deposited.
Contrary to these, the efficiency in the use of N decreased from the first to the second year,
while the S had an increase for the leaves and total fraction, and a reduction for the twigs +
miscellaneous fraction.

Table 1. Use efficiency of macronutrients by leaf fractions, twigs and
miscellaneous.

Fraction Year N P K Ca Mg S
Leaf 56 1393 127 44 224 335
Twig + miscellaneous 1 73 1535 192 54 447 520
Total 61 1439 144 47 271 382
Leaf 52 1493 204 53 266 354
Twig + miscellaneous 2 63 1515 301 60 481 482
Total 56 1501 230 55 316 391
Leaf 54 1443 166 49 245 345
Twig + miscellaneous Average 68 1525 247 57 464 501
Total 59 1470 187 51 294 387

Year 1 =2014-2015; Year 2 = 2015-2016.

The increase observed in the efficiency of nutrient use from year 1 to year 2, except for N,
indicates that species are making savings in their use, indicating the possibility of restriction in
the primary production of the environment (Vitousek, 1982). Considering the work of Godinho
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et al. (2013) as one extreme, and year 2 of the present study as the other extreme, there was an
increase in nutrient use efficiency for N, P, K and Ca, and a reduction for Mg and S. This
variation between different years can be compared with the decrease in the availability of these
nutrients in the soil, as well as with the mortality and emergence of new individuals and species
(Jacobson et al., 2011; Biindchen et al., 2013). According to these authors, forest species, due
to their interspecific variation in nutrient content, are used differently, even in an environment
with similar nutritional availability.

The high efficiency in the use of P is related to its low availability in tropical soils, which
indicates it as a limiting element in plant growth (Rebeille et al., 1984, Laliberte et al., 2013).
The low efficiency in the use of N and Ca is associated with the high concentrations of these
macronutrients in plant tissues. N is mainly present in leaves, where it is present in chloroplasts
as a constituent of the chlorophyll molecule, associated with efficiency in the use of
photosynthetically active radiation (Hirose and Bazzaz, 1998).

4. CONCLUSION

Litterfall in an Atlantic Forest fragment showed seasonal behavior with an average annual
production of 6.78 Mg ha™*. Although the leaf fraction represents 64.9% of the dry mass, it was
responsible for 70.4% of the nutrients for the forest soil.

The variation in litter deposition occurs in response to the rainfall regime, mainly due to
the accumulation over time, due to the non-immediate responses of the vegetation. This
variation was determined by the leaf fractions, which constitute most of the plant material.

The increase in NUE nutrient-use efficiency in the second year compared to the first
indicates that strategically plants may be translocating relative amounts of their nutrients under
conditions of reduced rainfall. The two years with rainfall below the historical average must
have caused less water availability in the soil for plant absorption; as a consequence, there is a
reduction in the production of photoassimilates and nutrient transport by the xylem.
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