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Resumo

Aporte de serapilheira sobre diferentes condi¢des geomorfolégicas em floresta estacional semidecidual
submonta-rja. A deposicéo da serapilheira no piso florestal é influenciada pelos fatores biéticos e abi6ticos nos
quais os fragmentos florestais estdo inseridos, sendo esta uma das maiores fontes de nutrientes para o solo.
Assim, o objetivo deste estudo foi avaliar a influéncia da variacdo das condicdes de relevo (pedoforma) no
aporte de serapilheira e nos teores de nutrientes num fragmento de Floresta Estacional Semidecidual
Submontana, Pinheiral (RJ). Foram selecionadas duas pedoformas adjacentes com relevo do tipo convexa e
concava, sendo essas divididas em mini sitios (MS) quanto a variagdo da declividade e do gradiente topogréfico.
Foram instalados 5 coletores conicos com area 0,2834 m2 em cada MS, totalizando 30 coletores. As coletas da
serapilheira foram realizadas a cada 30 dias no decorrer de um ano. O material retido nos coletores foi triado
quanto as fragdes: folhas, galhos, material reprodutivo e outros, para avaliar a proporcéo de cada fragdo na
producdo de serapilheira e os teores de nutrientes da fragdo folhas. O aporte e o teor de nutrientes da serapilheira
sdo influenciados pelo tipo de pedoforma e esta¢es do ano. Observou-se 0 maior aporte na estacao seca, nos
MS inferiores e médios das pedoformas, e os maiores teores nutricionais ocorrentes na pedoforma convexa
durante a esta¢do chuvosa.

Palavras-chave: pedoforma, ciclagem de nutrientes, fragmentos florestais.

Abstract

The deposition of leaf litter on the forest floor is influenced by biotic and abiotic factors where forest fragments
are inserted, which is a major source of nutrients to the soil. The objective of this study was to evaluate the
influence of the change in relief conditions (landform) in leaf litter contribution and nutrient content in a
Submontane Seasonal Semi-deciduous Forest in Pinheiral (state of Rio de Janeiro, Brazil). It was selected two
adjacent landforms with convex and concave relief type and they divided into small sites (SS), obeying the
variation of the slope and topographic gradient. Five conic collectors with an area of 0.2834 m? were installed
in each SS, totaling 30 collectors. The collections of leaf litter were carried out every 30 days during a year.
The material retained in the traps was separated as the fractions; leaves, twigs, reproductive and other material
to assess the proportion of each fraction in the leaf litter production and nutrient content of the fraction leaves.
The contribution and nutrient content of litter are influenced by the type of landform and seasons of the year.
The highest contribution was observed in the dry season, in the lower and middle SS of the landforms, and the
highest nutrient levels occurred in the convex landform during the rainy season.

Key-words: landform, nutrient cycling, forest fragments.

INTRODUCTION

Litter consists of plant origin materials (leaves, branches, bark and reproductive material) and animal
origin materials (fecal material and animal residues) accumulated on the forest floor (CUNHA NETO et al., 2013).
Its deposition on the forest floor occurs throughout the year, and this production is influenced by the biotic and
abiotic factors, such as vegetation type, successional stage, deciduousness, altitude, relief, rainfall, temperature,
luminosity, soil characteristics and water availability (GODINHO et al., 2013).
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Moreover, litter indicates the productive capacity of the forest, relating the available nutrients to the
nutritional needs of each tree species, and it is the largest source of nutrients in the soil. The accumulation of
nutrients in the soil, together with the nutritional needs of plants, compose the nutrient cycling process, responsible
for the exchange of mineral elements between living beings and the environment. It is therefore fundamental in
the relationship between vegetation and soil (PINTO et al., 2008).

After deposition of the material on the forest floor, its accumulation at the soil surface will be regulated
by its rate of decomposition. Through decomposition litter releases nutrients to the soil which are essential for the
development of vegetation, and this process plays an elementary role in the cycling of nutrients (PEREIRA et al.,
2008).

Deposition, accumulation and decomposition of the litter-forming material occurs in a differentiated way,
due to the many specific topographic characteristics and soil classes that lead to the formation of
microenvironments in the landscape (SANTOS et al., 2017).

According to Santos et al. (2017), environments with diverse topographic characteristics influence the
biotic and abiotic attributes of a given ecosystem. The interaction between several factors such as constituent
species, climate, soils, disturbances occurring in the area, successional aspects of the forest result in vegetation
structure and can change the depositional dynamics of the litter (SCORIZA; PINA-RODRIGUES, 2014).

In Brazilian ecosystems, there are two basic patterns for annual deposition of litter. In the first pattern,
there is a greater deposition in the dry season (Amazon ecosystems, Mesophytic Forests and Cerrado forests), and
in the second one there is an increase in litter deposition intensity in the wet season (Atlantic forests and Restingas)
(SCORIZA, PINA-RODRIGUES, 2014).

The contribution of litter is also influenced by the variation of topographic conditions, and even in similar
climatic conditions the forests present diverse floristic and edaphic characteristics (EISENLOHR et al., 2013).
Thus, above-ground biomass and litter deposition tend to decrease with altitude due to the limited soil nutrient
availability, which affects primary productivity (MOSER et al., 2011).

Among the topographic variables capable of interfering with the floristic structure of a region, those
related to relief, such as topography and geomorphology, stand out. The terrain format affects vegetation patterns
within the same climatic region, and in mountainous areas these patterns are closely related to ground patterns at
the landform level (HARA et al., 1996).

According to Troeh (1965), landforms can be classified in: linear, concave and convex, presenting some
variations. In this classification, the curvature is indicative of the terrain evolution degree and weathering degree.
Studies, such as Schmiat et al. (2003), show that the curvature of a slope is directly related to soil water content,
convergent/divergent flow, rate of erosion/deposition, transport and accumulation of minerals and organic
material. In this way, the landform type can influence the vegetation and consequently the contribution of litter.

Thus, the objective of this study was to evaluate the influence of the change in relief conditions (landform)
in litter contribution and nutrient content in a Submontane Seasonal Semi-deciduous Forest, located in Pinheiral
(state of Rio de Janeiro, Brazil).

MATERIAL AND METHODS

Location and characterization of the study area

The study was carried out in the municipality of Pinheiral, state of Rio de Janeiro, in the region of the
Middle Paraiba Fluminense, in the sub-basin of the Cachimbal river, located between latitudes 22°29'03"S and
22°35'27"S and between the longitudes 43°54'49"W and 44°04'05"W.

The climate of the region is classified as Am — rainy tropical climate with dry winter and Cwa — temperate
climate of dry winter and rainy summer, according to the classification of Képpen (ALVARES et al., 2013), with
average annual temperature of 21°C and annual precipitation around 1,300 mm (DINIZ et al., 2015).
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Figura 1: Médias mensais de temperatura e de precipitacdo na sub-bacia do Ribeirdo Cachimbal, no periodo de
abril de 2013 a abril de 2014. Dados da estacdo meteoroldgica do Instituto Federal de Educacdo, Ciéncia
e Tecnologia do Rio de Janeiro, “Campus Pinheiral”.

Figure 1: Monthly averages of temperature and precipitation in the sub-basin of Ribeirdo Cachimbal, from April
2013 to April 2014. Data from the meteorological station of the Federal Institute of Education, Science
and Technology of Rio de Janeiro, "Campus Pinheiral".
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Figura 2: Médias mensais de umidade e velocidade dos ventos na sub-bacia do Ribeirdo Cachimbal, no periodo
de abril de 2013 a abril de 2014. Dados da estacdo meteoroldgica do Instituto Federal de Educacéo,
Ciéncia e Tecnologia do Rio de Janeiro, “Campus Pinheiral”.

Figure 2: Monthly means of humidity and wind speed in the sub-basin of Ribeirdo Cachimbal, from April 2013 to
April 2014. Data from the meteorological station of the Federal Institute of Education, Science and
Technology of Rio de Janeiro, "Campus Pinheiral".

The region is part of the ecological domain of the Atlantic Forest, whose original vegetation was classified
as Semidecidual Submontane Seasonal Forest (IBGE, 2012). The study area soils were classified according to
Menezes et al. (2010) as typical Cambisol Haplic Th Distrophic.

Collection and processing of litter

Two landforms (convex and concave) were selected on a forest fragment in secondary regeneration stage
(CONAMA, 1996). Each landform was segmented in three environments (Figure 3) called small sites (SS),
differentiated in terms of topographic gradient and slope, totaling six small sites (Table 1).
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Figura 3: Localizacdo e segmentacdo das pedoformas (convexa e concava) em mini sitios (I, 11, 11, IV, V e VI) na
sub-bacia do ribeirdo Cachimbal, Pinheiral-RJ. Fonte; Adaptado de Santos et al. (2016).
Figure 3: Localization and segmentation of landforms (convex and concave) in small sites (I, 11, 111, IV, V and VI)

in Cachimbal creek sub-basin, Pinheiral-RJ. Source: Adapted from Santos et al. (2016).

Tabela 1: Caracterizago dos mini sitios nas pedoformas convexa e concava em Floresta Estacional Semidecidual
Submontana, Pinheiral-RJ

Table 1: Characterization of the small sites in the convex and concave landforms in Semidecidual Seasonal Forest
Submontana, Pinheiral-RJ

Position in Average Average .
SS Landform . the Declivity (%) | Altitude (m) Width (m) Length (m)
andscape

I Convex inferior 45 520 20 33

I Convex intermediary 12 530 20 30

Il Convex superior 26 550 20 72

v Concave inferior 30 485 20 45

\ Concave | intermediary 20 590 20 30
VI Concave superior 32 500 20 72

Legend: SS: small site; I, 11 and 111 - SS with variation of the topographic gradient and the slope in the convex landform; IV, V and VI - SS
with variation of the topographic gradient and slope in the concave landform.

In order to evaluate the contribution of the litter, 5 conical collectors with an area of 0.2834 m? were
installed in each SS in April 2013, totaling 30 collectors in all studied area, made with 1 mm nylon screen, and
fixed at a height of 1.0 meters above the ground surface. The litter collections were carried out in the period of one
year, within the interval between May 2013 to April 2014.

The material deposited in the collectors was bagged, identified and taken monthly to the Environmental
Indicators Laboratory (LIEA), in the Department of Soils of the Institute of Agronomy of UFRRJ. For each
collection the material was sorted regarding to the fractions: leaves (L = limbs and petioles), branches (B),
reproductive material (RM = fruits, flowers and seeds) and others (O = not identified organic residues, excrements
of animals, among others), in order to evaluate the ratio of each fraction in litter production. The fractions were
oven dried at 65°C with forced circulation for 72 hours, when they reached constant weight, and they were weighed
for quantification of the dry mass (SCORIZA et al., 2012).

The total monthly litter contribution of each landform and SS was determined from the collector’s
arithmetic mean. The contribution for the dry period (April to September) and for the rainy season (October to
March) were also determined. From these data, the production of litter was estimated based on the following
equation, modified according to LOPES et al. (2002):
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PM x 10.000
pS = <(Z X ))
Ac
in which: LP = Litter production (kg.ha.year), MP = Monthly litter production (kg.ha.".month) and
cA = Collector area (m?).

To evaluate the contribution of nutrients, the F fraction was selected because it is the one that contributes
the most to litter production. At each collection, the leaf fraction after drying and grinding was subjected to sulfur
digestion. The chemical analyzes were carried out to determine the total N, P and K contents. The N contents were
obtained by wet oxidation in steam distillation; P by spectrophotometry; and K by flame photometry (TEDESCO
et al., 1995).

Statistical analysis of data

The data were submitted to normality analysis (Shapiro Wilk test, 5%) and homogeneity of error variance
(Levene test, 5%). As the data did not meet these assumptions, a non-parametric analysis (Kruskall-Wallis test,
5%) was performed through the Action 2.5 statistical package.

RESULTS

The concave and convex landforms showed significant differences between them in relation to the
contribution of the litter fractions. The fractions L and RM were the ones with greater contribution in the convex
landform and the fractions B and O in the concave landform (Table 2).

Tabela 2: Aporte e teor de nutrientes de serapilheira em diferentes pedoformas com Floresta Estacional
Semidecidual Submontana, Pinheiral-RJ.
Table 2: Intake and litter nutrient content in different landforms with Semideciduous Forest Submontane,

Pinheiral-RJ.
Litter Fractions Nutrient Fraction Leaves
Landform L RM B 0] N P K
----------------- (kg hat)--------mnn--- (g kg
Convex 520.08 60.91 113.51 74.41 17.36a 0.59b 5.53
Concave 506.74 56.61 161.05 77.06 15.36 b 0.66 a 5.56

Legend: L, leaves; RM, reproductive material; B, branches; O, others; N, nitrogen; P, phosphorus; K, potassium; Means followed by different
letters, in the same column, differ from each other at the 5% probability level by the Kruskal-Wallis test; Columns without letters did not have
significant differences.

Regarding the mini sites, a greater contribution of the L fraction was observed in the lower and middle
SS of both landforms (Table 3). For the B fraction, higher values of material deposited in the SS of the lower third
(1) and the middle third (11) of the convex landform were quantified, as well as in the upper third of the concave
landform (V1).

Tabela 3: Aporte e teor de nutrientes de serapilheira em diferentes mini sitios com Floresta Estacional
Semidecidual Submontana, Pinheiral-RJ.
Table 3: Intake and litter nutrient content in different small sites with Semideciduous Forest Submontane,

Pinheiral-RJ.
Litter Fractions Nutrient Fraction Leaves
Small Site L RM B ) N ) K
----------------- (GO e — (g kg?h
| 510.76 ab 28.65 112.93 ab 83.46 16.34 ab 0.50c 497b
1 552.71a 88.44 138.10 ab 78.98 17.60 a 0.56 bc 5.84 ab
1l 496.75 ab 65.64 89.51Db 79.44 18.13 a 0.70 a 5.78 ab
v 598.99 a 42.89 91.87Db 63.43 17.65a 0.63 ab 464Db
\Y 534.80 ab 72.74 184.32 b 85.85 1529 b 0.60 bc 4.96 b
VI 386.46 b 54.21 206.95 a 81.88 13.14 ¢ 0.74a 7.07 a
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Legend: L, leaves; RM, reproductive material; B, branches; O, others; N, nitrogen; P, phosphorus; K, potassium; Means followed by different
letters, in the same column, differ from each other at the 5% probability level by the Kruskal-Wallis test; Columns without letters did not have
significant differences.

The contribution of litter and the nutrient contents found in the landforms were evaluated according to
temperature variability and the study period monthly rainfall average. The contribution of litter presented a
dynamic associated with the meteorological variables. It was possible to observe a direct influence of
meteorological factors variation in the contribution. Figure 4 shows the highest contribution values of L, B, RM
and O fractions at the end of the dry season and the beginning of the rainy season.
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Figure 4: Monthly average values of L, B, RM and O fractions and the monthly accumulated rainfall, from April
2013 to April 2014.

The estimated annual contribution was 10.98 Mg ha™. For L and RM fractions the highest contribution
was observed in the sep./oct. and oct./nov. periods, at the end of the dry season (Figure 4). The B and O fractions
presented a larger contribution in the period of Oct./Nov. to Jan./Feb.

Regarding the litter's nutrient contents (leaves fraction), significant differences were observed between
the landforms. The highest levels of N were verified in the convex, the highest levels of P were quantified in the
concave landform and for K contents no differences were verified (Table 2).

In relation to the nutrient contents, a differentiated distribution was observed in relation to the SS. N
contents were higher in I, 1I, 11l and IV, presenting a regular distribution along the topographic gradient of the
convex landform up to the lower third of the concave landform (Table 3). On the other hand, for the levels of P
and K the highest values were found in SS Ill and VI that are inserted in the upper regions of both landforms
(Table 3).

When considering the influence of meteorological variables on the nutrient content of the L fraction, a
pattern contrary to the one of the intake was observed, in which the highest nutrient contents were observed at the
end of the rainy season and at the beginning of the dry season, as shown in figure 5.
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Figura 5: Valores médios mensais dos teores de nutrientes (N, P e K) da fracéo folhas aportada e da precipitacdo
pluviométrica acumulada mensalmente, no periodo de abril de 2013 a abril de 2014.
Figure 5: Mean monthly values of nutrient contents (N, P and K) of the leaf fraction contributed and the monthly
accumulated rainfall, from April 2013 to April 2014.

By analyzing the nutrient contents of fraction L, there was an annual return of 97.57 kg ha of N; 3.74 kg
ha! of P and 29.80 kg ha*of K to the soil.

N and K levels were higher in the periods of Apr./May and May/Jun., in both landforms, being these in
the end of the rainy season and beginning of the dry season (Figure 5). On the other hand, the levels of P were
different, with the highest content observed in the periods from Apr./May to May/Jun and from Nov./Dec. to
Dec./Jan., as can be seen in figure 5.

DISCUSSION

The greatest contribution of the fractions L and RM was observed in the convex landform in relation to
the concave landform, which is associated with the variations of landforms microclimatic conditions. Since the
convex landform is a site with a higher incidence of solar radiation and winds, it results in a drier environment, as
observed by Santos et al. (2017). Studies such as Villa et al. (2016), evaluating the contribution of litter in
environments with forest cover, verified that the highest values occurred at the end of long periods of drought. The
values were influenced by diversity, plant structure and environmental influences (temperature and rainfall).

Regarding the SS, the highest values of the L fraction occurred in the inferior SS that are attributed to the
greater vegetation development and the microclimatic conditions of the environments. These elements are
favorable to higher leaf production and leaf input (Table 3). Basnet (1992) corroborates the diversity of
microclimates in the topographic gradient, varying according to the type of soil, humidity regimes, geological
formation and altitude, being answered by the plants through the variation of the leaf area and difference of
production in compensation to the amount of energy incident.

In relation to the quantified values for the B fraction (Table 3), SS VI stood out and could be directly
related to a higher incidence of winds associated with already dead tree species, leaving the system in the concave
landform (observed in the field).

The effect of climate variability on litter supply was also observed by Antoneli and Franceschini (2014),
in the Mixed Ombrophilous Forest, where they verified that the greatest contribution occurred in the summer,
which was associated to the lower vegetative growth in the winter, due to influence of the climatic variables: lower
rainfall, lower temperature and lower evaporation.

Studies such as Cunha et al. (1993), in Deciduous Seasonal Forest (Santa Maria/state of Rio Grande do
Sul), observed that the litter deposition pattern because of rainfall presented lower litter deposition in the autumn
(March, April and May) and the highest occurred between the end winter and late spring (August to November).
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Analyzing the contribution of litter and nutrients in forest restoration area with different spacings in the
city of Seropédica/state of Rio de Janeiro, Villa et al. (2016) found the highest contribution values in the dry
season, but without synchrony with the spacings. Attributing their results to the genetic characteristics of the
species, as well as to the deciduity, environmental influences (temperature and rainfall) and the growth rate of the
plants.

Machado et al. (2015), in areas of the same region (Pinheiral - state of Rio de Janeiro), where the areas
studied were classified as: Floresta estagio inicial; Floresta estagio médio; Floresta estagio avancado, observed an
annual litter contribution of: 7,47 Mg ha*; 8,96 Mg ha* e 14,7 Mg ha™* respectively, pattern similar to the one
found in this study.

The quantification of the higher contribution of the L and RM fractions at the end of the dry season was
expected, since the vegetation is subjected to a greater period of water stress, which conditions a higher deposition
of these fractions (Figure 4). As observed by Godinho et al. (2013), in Submontane Semideciduous Seasonal
Forest, the highest contribution of litter occurred in the dry season.

Regarding the nutrient contents of the L fraction, a standard was observed for the N contents (Table 2),
which is attributed to the differentiated composition of the environments' tree species. Studies conducted by Diniz
et al. (2015) in forests in the same region show a greater number of tree species belonging to the Fabaceae family.
The species that make up this family have the capacity of biological N fixation. Thus contributing to the entry of
this element in quantity in the convex landform.

On the other hand, the higher levels of P observed in the concave landform may be related to the low
mobility of this nutrient in the soil and to the sediment accumulation process in environments with these
characteristics. Borém and Ramos (2002) state that the amount of P and K in the litter is comparable to the amount
of these elements available in the first ten centimeters of the soil, with K being a nutrient that is easy to move in
the plant and in the soil.

For the SS, the distribution of N contents (Table 3) is directly explained by the presence of N-fixing
species and thus corroborating with the L and RM contribution pattern in these environments, since it is the
fractions that contribute most to the return of nutrients and easier transformation to release them.

The highest levels of P and K were observed in the SS with lower accumulation of water and higher
occurrence of erosive processes, thus, higher nutrient content in the litter (F) (Table 3). Studying the contribution
of litter in Secondary Atlantic Forest, Ferreira et al. (2014) concluded that nutrient cycling in forest fragments was
shown to be dependent on litter production. This is related to rainfall and environmental radiation conditions.

The high values of nutrients observed at the end of the rainy season (Figure 5) are related to the greater
amount of new and green leaves, constituting the contributed material, due to the mechanical effect of precipitation
and wind. Thus, slope conditions variations and the topographic gradient of the SS were determinant in the
contribution and litter nutrient content (Table 3), because they indirectly influence the intensity of the weather
agents. In general, SS inserted in the environments with the highest incidence of light and lower accumulation of
water were the ones that presented the greatest contribution and nutrient contents.

Additionally, nutrient cycling is also influenced by the leaf fraction because it represents almost 90% of
the deposited litter and it is the component with the highest nutrient content. Thus, it is the fraction responsible for
the highest nutrient return to the soil, being the process accelerated by the high specific surface of the leaves in
relation to the other litter fractions (GODINHO et al., 2013).

The values found in this study for the annual nutrient return are compatible with studies done by Machado
etal. (2015), in the same region, where the N annual return average was the highest with 51.38 kg ha*. Both follow
the same pattern observed by Diniz et al. (2015), in the Atlantic Forest also in the same region, in which nutrient
return was quantified between 93.18 — 267.69 kg of N; 11.67 — 26.17 kg of P and 26.03 —53.90 kg of K.

In this study, the highest levels of N and K were observed at the end of the rainy season and at the
beginning of the dry season. Under such conditions the environments still offer favorable conditions to vegetation
development, which reflects in leaves with higher nutrient contents. The influence of climatic conditions on litter
nutrient contents was also observed by Aprile et al. (2013), contrary to the standard observed in this study, the
highest nutrient contents in litter were contributed during the dry season to the Amazon Forest environmental
conditions.

On the other hand, the differentiated pattern found for P contents (Figure 5) was observed in periods when
climatic conditions are not limiting factors for the development and growth of vegetation, and also because N and
K. Studies by Vital et al. (2004), evaluating the production of forest litter in Riparian Zones, verified that P
presented the same pattern. Thus, the amount contributed and the nutrient contents of litter vary according to soil
conditions, population density, the age of individuals and species' ability to absorb, use and redistribute nutrients
(CUNHA NETO et al., 2013).
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As it can be observed in environments where there is variation of relief conditions and climatic variability,
the vegetation presents a different pattern regarding the amount and quality of the litter provided. This knowledge
is has relevant importance for decision-making related to the conservation and preservation of these environments,
as well as in the definition of vegetation recovery strategies, when necessary.

CONCLUSIONS

e The contribution and nutrient content of litter are influenced by the type of landform on the slopes of the Mar
de Morros region, with forest cover of the Seasonal Submontane Semidecidual Forest type.

e The different types of relief (landforms) associated with rainfall and temperature influence directly in the
quantity control and nutritional quality of the litter, with greater contribution in the dry season.

¢ In both landforms, the highest amount contributed by litter occurs in the small sites of the lower and middle
thirds.

e  The litter nutrient contents are influenced by the landform and the seasons, with higher levels for the convex
landform and rainy season.
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