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Abstract 

Litter layer is the layer of organic detritus accumulated on the soil in forest ecosystems and can be 
influenced by biologic, edaphic, and climatic factors, increasing from boreal forest to the tropics, and 
being highly related with the net primary production of forest. In the present study litter was analyzed 
in three topographic positions; the effect of weather on the litterfall and litter layer amount, the amount 
of nutrients deposited, accumulated, and released from the litter layer to the soil and C stocks in the 
forest floor. No differences were found in the amount of litterfall deposited in the plots from the top, 
middle, and bottom of the hill. There was a large variation in the litterfall throughout the year. 
The highest litterfall rate was found at the end of the dry season. During the months of very low rainfall, 
greater litterfall and litter layer were found in the top hill plots. Litterfall is an important mechanism of 
the transference of nutrients from plants to soil, especially in the non-mobile nutrients and N, due to 
the high N concentration in the leaves and to the high dominance of Fabaceae trees. In 17 months, 
around 6.7 Mg ha-1 of C was deposited on the soil and a mean 2.6 Mg ha-1 were stored in the litter layer. 
In the year 2010, in the 12 months, the annual decomposition rate was 1.68. 

Keywords: Carbon stock; Climatic elements; Litterfall; Litter layer; Nutrients; Soil fertility. 

RESUMO 

A serapilheira é a camada de detritos orgânicos acumulados sobre o solo em ecossistemas florestais e 
pode ser influenciada por fatores biológicos, edáficos e climáticos, aumentando da floresta boreal para 
os trópicos, é altamente relacionada com a produção primária líquida de floresta. No presente estudo 
foi analisada a serapilheira em três posições topográficas, o efeito do clima na quantidade de 
serapilheira depositada e acumulada sobre o solo, a quantidade de nutrientes depositados, 
acumulados e liberados para o solo e os estoques de C no solo da floresta. Não foram encontradas 
diferenças na quantidade de serapilheira depositada nas parcelas de topo de morro, encosta e baixada. 
Observou-se grande variação na produção de serapilheira ao longo do ano. A maior deposição de 
serapilheira foi encontrada no final da estação seca. Durante os meses com precipitação muito baixa, 
maior produção e acúmulo de serapilheira foram encontradas nas parcelas de topo de morro. 
A produção de serapilheira é um importante mecanismo de transferência de nutrientes das plantas 
para o solo, principalmente os nutrientes não móveis e o N, devido ao elevado teor de N nas folhas e à 
alta dominância de árvores da família Fabaceae. Em 17 meses, cerca de 6,7 Mg ha-1 de C foram 
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depositados no solo e uma média de 2,6 Mg ha-1 foram armazenados na camada de serapilheira. 
No ano de 2010, ou seja, em 12 meses, a taxa de decomposição anual foi de 1,68. 

Palavras-chave: Estoque de carbono; Elementos climáticos; Produção de serapilheira; Camada de 
serapilheira; Nutrientes; Fertilidade do solo. 

INTRODUCTION 

Litter layer is the layer of organic detritus accumulated on the soil in forest ecosystems, 
being composed of leaves, branches, bark, fruits, flowers, seeds, and other plants and 
animals’ detritus (Olson, 1963). The litter layer plays an important role in forest ecosystems: 
it is part of the nutrient cycling process (soil-plant-atmosphere); it protects the soil against 
erosion, leaching, and compaction and it is the main energy source for the soil microbial 
community in addition to regulating the soil temperature and humidity (Attwill, 1995; 
Vitousek & Sanford Junior, 1986). 

The annual litterfall can be influenced by biologic, edaphic, and climatic factors, 
increasing from boreal forest to the tropics, and being highly related with the net primary 
production of the forest (Bray & Gorham, 1964; Godinho et al., 2013a; Vogel et al., 2007). 
The litterfall rate also shows high variation thought the year, also being related to weather 
conditions (Godinho et al., 2013a; Vital et al., 2004); for example, high or low precipitation, 
high or low temperature, and wind speed. 

The amount of litter layer is directly related to the difference between the litterfall and 
the decomposition rate; this process being the main way nutrients return to soil to be taken 
up by trees (Vitousek & Sanford Junior, 1986). Caldeira et al. (2008) also point to other factors 
which might affect the litter layer, such as: species composition, forest type, canopy 
continuity, edaphoclimatic conditions, forest management, decomposition rate, fire, insect 
attacks, and forest harvest intensity. 

Litter layer decomposition is a vital process for the forest ecosystem in which essential 
nutrients are mineralized. Also, in this process the larger part of C is released to the 
atmosphere as CO2 and part is stabilized as soil organic matter (Stevenson & Cole, 1999). 
A series of studies have been carried out to clarify the relationships between the litter 
decomposition with weather conditions, soil properties, microbial community, and litter 
quality (Bachega et al., 2016; Peh et al., 2012; Rocha et al., 2015). The knowledge of this 
process will be helpful to match species to site conditions when the objective is improving 
the soil quality and/or soil C sequestration (Caldeira et al., 2008). 

This study examined the effects of topographic gradient and weather (different 
conditions of mean air temperature, air humidity, wind speed, radiation, and precipitation) 
on the litterfall and litter layer during 17 months in an Atlantic Forest. The aim of this study 
was to determine: i) the litterfall rate in three topographic position (top, middle, and bottom 
of the hill); ii) the amount of nutrients deposited, accumulated, and released from the litter 
layer to the soil; iii) C stocks in the forest floor; and, iv) the effect of the average air 
temperature, air humidity, wind speed, radiation, and precipitation (different weather 
conditions) on litterfall and litter layer amount. 

MATERIAL AND METHODS 

Study site 
This study was carried out in the RPPN (Reserva Particular do Patrimônio Natural) 

Cafundó in the state of Espírito Santo, Brazil (20°43’S and 41°13’W). The RPPN Cafundó is a 
private 517 ha natural forest reserve being part of Atlantic Forest biome (Floresta Estacional 
Semidecidual Submontana by the Brazilian classification) (Instituto Brasileiro de Geografia e 
Estatística, 2012). The topography of the region is hilly, with declivity changing from 1 to 25% 
at between 91 to 160 m above sea level. The Köppen climatic classification for this site is Aw, 
with an annual medium air temperature of 22.2 °C and annual medium precipitation of 
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1162 mm, 73% occurring between October to March (Alvares et al., 2013). The soil of the 
region is a very deep Typical Ferralsol (Food and Agriculture Organization of the United 
Nations, 2015) (Table 1). 

Table 1. Soil attributes of the 0-20 cm layer and traits of the studied forest (Bottom n=8, Middle n=2 and 
Top n=2). 

Parameter(1) Bottom Middle Top 
Density (stem ha-1) (2) 1785 ± 241(3) 1625 ± 106 1550 ± 212 

Dominance (m2 ha-1) (2) 38.93 ± 10.84 24.76 ± 2.14 24.74 ± 1.68 
Species (Und.) 54 ± 13 42 ± 7 29 ± 2 
Declivity (%) 3.81 ± 3.23 20 ± 7.07 5.00 ± 5.66 

Altitude (m a.s.l.) 100 ± 7 119 ± 35 143 ± 25 
pH (H2O) 6.24 ± 0.20 5.80 ± 0.52 5.09 ± 0.56 

P (mg dm-3) 8.99 ± 7.86 1.68 ± 0.35 2.13 ± 0.07 
K (mg dm-3) 63.67 ± 31.80 60.12 ± 1.71 54.63 ± 24.81 

Ca2+ (cmolc dm-3) 4.72 ± 2.12 3.66 ± 0.77 2.12 ± 0.83 
Mg2+ (cmolc dm-3) 1.22 ± 0.66 1.16 ± 0.46 0.82 ± 0.33 
Al3+ (cmolc dm-3) 0.00 ± 0.00 0.02 ± 0.02 0.35 ± 0.39 

Organic C (%) 1.65 ± 0.30 1.57 ± 0.21 1.97 ± 0.24 
(1)Data adapted from Archanjo et al. (2012) and Godinho et al. (2013b); (2)Density and dominance were calculated with 
base in all tree species with diameter at breast high (DBH) > 5 cm; (3)Standard deviation. 

The RPPN Cafundó forest has never been clear felled but had been under selective 
harvest of high value timbers for a long time, but has been unmanaged since 1940, being in 
a secondary stage of regeneration. The forest has 255 tree species of 152 genera and 
54 families with a Shannon’s diversity index (H’) of 4.13, equitability (J) of 0.74, basal area of 
33.02 m2 ha-1 and density of 1823 stems ha-1 (Archanjo et al., 2012). 

Litterfall and litter layer assessment 
The sampling were carried out in 12 plots of 1000 m2 (20 x 50 m) placed systematically 

in the forest. These plots were the same as those used by Archanjo et al. (2012) for a floristic 
survey. In this study, eight plots were used in bottom areas, two plots in middle areas, and 
two plots in top areas. The number of plots (n) at each topographic position was different 
due to the sampling method used by Archanjo et al. (2012). The above-mentioned author 
used the method of sampling fixed-area plots, systematically distributed in the field (with a 
distance of 350 meters between each plot). 

Five litter collectors of 0.25 m2 (0.5 x 0.5 m – at a height of 0.75 m from the forest 
ground) were installed in each plot. These five litter collectors were placed one at each 
corner of the plot and one at the center of the plot. The litterfall deposited in the collectors 
was collected on a monthly basis. After collection, in the laboratory, the litterfall was 
classified as leaves (including flowers and fruits) or branches (including bark pieces). After 
classification, the litterfall samples were oven-dried to constant mass (65 oC) and weighted. 

The litter layer was also sampled on a monthly basis, being collected in a randomised 
way 12 individual samples per plot. The samples were collected with a steel frame of 
0.0625 m2 (0.25 × 0.25 m). After sampling the litter layer samples were oven-dried to 
constant mass (65 oC) and weighted. The sampling were made from December 2009 to April 
2011, totalling 17 months, and including all weather seasons. 

The concentration of N, P, K, Ca, Mg, S, Fe, Cu, B, Mn, and Zn were determined after wet 
digestion, and C after dry combustion. After sulphuric digestion, N was determined by the 
micro Kjeldahl method. After nitro-perchloric digestion the P, S, and B were determined by 
colorimetry, and the K, Ca, Mg, Fe, Cu, Mn, and Zn by atomic absorption spectrometry (Silva, 
2009; Tedesco, 1995). The amount of each nutrient deposited by litterfall and accumulated in 
the litter layer was calculated for each month. 
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Litter decomposition rate (k) 
The decomposition rate of the litter was calculated using the method proposed by Olson 

(1963) (Equation 1). The time necessary for decomposition of 50 and 95% (T50% and T95%) of the 
litter layer was also calculated by the Equations 2 and 3. 

i
i

i

Lk
Xss

=
 (1) 

Where: 
ki= is the decomposition constant of component i; 
Li = is the deposition of the component i; 
Xssi = is the amount of component i accumulated on the soil. 

50%T 0.693 / k=
 (2) 

95%T 3 / k=
 (3) 

Data analysis 
To assess the effect of the position in the hill (top, middle, and bottom) on the assessed 

attributes, the variances were analysed using the one-way F test followed by the Tukey’s HSD test 
at 5% of probability. To test the effect of monthly variation in the litterfall and litter layer, the 
variances were analysed using the one-way F test followed by Tukey’s HSD test at 5% of 
probability. The relationship between the climatic data, the litterfall rate, and litter layer 
accumulation were determined using the principal components analysis (PCA). The weather 
information was collected in a weather station 30 km from the RPPN Cafundó (period from 
December 2009 to April 2011, totalling 17 months). The mean air temperature, air humidity, wind 
speed, radiation, and precipitation were used in this analysis. The Kaiser-Guttman criteria (λ > 1.0; 
Cliff, 1988; Guttman, 1954; Jackson, 1993) was used to select the axis to be considered in the PCA 
analysis. All the analyses were calculated in the software R v3.1.0 (R Core Team, 2017). 

RESULTS AND DISCUSSION 

Litterfall and litter layer amounts 
After 17 months of sampling, no differences were found in the amount of litterfall 

deposited in the plots from the top, middle, and bottom of the hill (p>0.05). The leaves 
deposition was around eight times greater than the branches deposition. The amount of 
litter layer accumulated on the soil also was not influenced by the position of the plot in the 
hill, presenting an average of 5.23 Mg ha-1 (p > 0.05) (Table 2). 

Table 2. Litterfall (total of 17 assessed months) and litter layer of an Atlantic Forest in plots located at 
the top, middle and bottom of the hill (Bottom n=8, Middle n=2 and Top n=2). 

Component 
Bottom Middle Top 

_________________________________Mg ha-1_________________________________ 
Leaves 10.67 ± 0.38(1) 11.10 ± 0.43 11.29 ± 0.39 

Branches 1.46 ± 0.06 1.35 ± 0.05 1.54 ± 0.07 
Total 12.13 ± 0.42 12.45 ± 0.46 12.83 ± 0.44 

Litter layer 4.91 ± 1.15 5.26 ± 1.19 5.53 ± 1.25 
(1)Standard deviation. 
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Large variation in the litterfall was found throughout the year (Leaves: p < 0.001; 
Branches: p < 0.001; Total: p < 0.001). The largest amounts of litterfall were observed from 
September to December and the lowest from May to August. Small variation between the 
months was also found to amount of litter layer (p < 0.001) (Figure 1). 

 
Figure 1. Atlantic Forest litterfall and litter layer at the top, middle and bottom of the hill, rainfall and air 

temperature from December of 2009 to April of 2011 (Bottom n=8, Middle n=2 and Top n=2). 
No difference was found between the plots position (p > 0.05). 

The leaf percentage in the total litterfall was around 88%, being higher than the 
proportion found in other studies, which typically ranged from 60 to 80% (Bray & Gorham, 
1964; Calvi et al., 2009; Cunha et al., 1993; Schumacher et al., 2011). The larger contribution 
of this fraction in our study can be associated with the presence of other materials, such as 
flowers and fruits. However, as in this study, the leaves had been found as the main fraction 
of the litterfall in many other studies (Antoneli & Francisquini, 2015; Aryal et al., 2015; 
Godinho et al., 2013a; Paudel et al., 2015; Scoriza & Piña-Rodrigues, 2014; Turchetto & 
Fortes, 2014). 

The low effect of topographic position on litterfall and litter layer can be associated with 
the elevated regeneration stage of this forest. Despite some differences in the floristic 
component, in all topographic positions` high diversity and density of species was found 
(Archanjo et al., 2012). Ferreira et al. (2015) also found no difference between the topographic 
positions on the litter in a region with hilly topography. However, strong differences were 
found in sites with steeper topography, in general with high litterfall and litter layer in the top 
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position (Borém & Ramos, 2002; Moreira & Silva, 2004). Despite of the non-significance, high 
litter layer and litterfall were found on the top hill plots in January and July 2010, respectively. 
The high litter production on the top hill plots during dry month can be associated to the 
lowest observed precipitations, higher drainage in the soil of such position (Gonçalves et al., 
2017), and with plants strategy for reduction of water and energy loss. 

Using different amounts of experimental plots at each topographic position may mask the 
results, but many researchers conduct their research in this way. In a series of studies conducted 
in a region of the Atlantic Rainforest, Alves et al. (2010, 2012) and Souza-Neto et al. (2017) used 
different numbers of sample plots at each topographic position to analyse litter production. 

In a review by Martinelli et al. (2017), the authors summarized the data from 
105 estimates of fine litterfall production from 45 sites in the Atlantic Forest domain, 
including two types of forests, evergreen and seasonal, and two successional stages, 
secondary and old growth. The overall litterfall average was 8.0 ± 2.5 Mg ha-1. They 
emphasized that litterfall was significantly higher in seasonal forests than in evergreen 
forests and in old growth than in secondary forests. Leaves were the major components of 
the litterfall, contributing with 68 per cent of the total. The second most important 
component was branches, contributing 22 percent, followed by reproductive organs (flowers 
and fruits), at 6 percent. 

The combination of high litterfall and the rapid recovery of secondary forests raises the 
possibility of using these forests to sequester carbon to help mitigate the effects of global 
warming (Bonner et al., 2013; Gilroy et al., 2014). This aspect is especially important in the 
Atlantic Forest, where most of the old growth forest has been logged over and the area is 
experiencing the first signs of forest transition (Ferreira et al., 2015; Lira et al., 2012). 

In most sites studied by Martinelli et al. (2017), litterfall was highest at the end of winter 
and beginning of spring (August to November in the Southern Hemisphere), with a peak 
observed in September, corresponding to the end of the dry season in the South-Southeast 
region of Brazil. 

The high litterfall found at the end of the dry season (Sep. and Oct.) is common for this 
kind of forest. In this forest from 20 to 50% of the constituent tree species are deciduous 
(losing their leaves in the dry season), leading to its classification as semi-deciduous (Instituto 
Brasileiro de Geografia e Estatística, 2012). A similar pattern for this kind of forest is also 
found by other authors (Arato et al., 2003; Martins & Rodrigues, 1999; Pinto et al., 2008; 
Vital et al., 2004). The loss of leaves at the end of the dry season in forests within a region of 
well-defined dry and rain seasons has been seen as a strategy to avoid water stress (Delitti, 
1995). However, this pattern has been found only in forests close or in climax state and not 
in forests in the initial stages of regeneration (Pires et al., 2006). 

The amount of litter layer found in this study (5.5 Mg ha-1) was smaller than the amount 
found by other authors (Diniz & Pagano, 1997; Santos & Válio, 2002; Schumacher et al., 
2011). However, a large variation in the amount of litter layer has been reported, with values 
ranging from 5.8 to 25.0 Mg ha-1. The main factor that can influence the litter layer 
accumulation are species composition, regeneration stage, growth rate (NPP), and weather 
conditions (Vital et al., 2004; Pimenta et al., 2011; Pinto et al., 2008; Schumacher et al., 2011). 

Nutrients stocks in the litterfall and litter layer 
Between the macronutrients, the highest deposition rate during the 17 studied months 

was found to be Ca in the middle and bottom plots (287.40 kg ha-1 and 298.02 kg ha-1) and N 
in the top plots (265.28 kg ha-1). The amount of nutrients deposited in the middle and 
bottom plots were Ca > N > K > Mg > S > P, and in the top plot was N > Ca > K > Mg > S > P 
(Table 3). 
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Table 3. Amount of nutrients deposited by litterfall (total of 17 assessed months) and accumulated in 
the litter layer of an Atlantic Forest in plots located in the top, middle and bottom of the hill (Bottom 
n=8, Middle n=2 and Top n=2). 

 Litterfall (kg ha-1) Litter Layer (kg ha-1) 

Bottom Middle Top hill Bottom Middle Top hill 

N 244.40 250.33 265.28 92.58 95.90 102.60 

P 14.53 9.70 10.98 4.17a 3.40b 3.10b 

K 87.20 77.07 69.09 13.61 11.67 10.19 

Ca 287.40 298.02 225.66 152.16 145.99 121.17 

Mg 35.50 33.59 31.47 10.96 10.06 10.08 

S 30.75 30.46 29.70 8.35 8.41 8.44 

Fe 2.8433 3.0704 4.3351 4.5361b 8.5673b 13.7704a 

Cu 0.0842 0.0942 0.0879 0.0376b 0.0467ab 0.0483a 

Mn 2.1845b 2.4237b 5.2969a 1.2068b 1.5047b 2.5687a 

Zn 0.3158 0.3524 0.3618 0.1496b 0.1680ab 0.1865a 

B 0.6186 0.7708 0.7450 0.1845 0.2157 0.2055 

C 6483.72 6595.57 6968.70 2482.50 2556.12 2814.39 

Number followed by the same letter or not followed by letter for each nutrient are not significantly different by the 
Tukey’s test at 5% of probability. 

For micronutrients, the highest deposition was found to be Fe in the middle and bottom 
plots (2.83 kg ha-1 and 3.07 kg ha-1) and Mn in the top plots (5.29 kg ha-1). The amount of 
micronutrients deposited in the middle and bottom plots was Fe > Mn > B > Zn > Cu, and in 
the top plot was Mn > Fe > B > Zn > Cu. The amount of C deposited during the 17 months 
change from 6484 to 6969 kg ha-1 in the bottom and top respectively, but was not significant 
(Table 3). 

The amount of macro and micronutrients accumulated in the litter layer was the same 
observed in litterfall the middle and bottom plots, being Ca > N > K > Mg > S > P and Fe > Mn 
> B > Zn > Cu and did not change by plot position. The amount of C accumulated in the litter 
layer changed from 2483 to 2814 kg ha-1 in the bottom and top plots respectively and was 
not significant (Table 3). 

The amount of macro and micronutrients deposited throughout litterfall was around 
685 kg ha-1 and the amount of C deposited was around 6.7 Mg ha-1. The amount of macro 
and micronutrients accumulated in the forest floor was around 280 kg ha-1 and the amount 
of C accumulated was around 2.6 Mg ha-1. 

The nutrients deposition rate by litterfall is influenced by the season, edapho-climatic 
conditions, species, nutrient studied, compartment considered in the study, phenology, 
succession stage, and assessment method (Den Besten et al., 2014; Silva et al., 2013; 
Wood et al., 2006; Zelarayán et al., 2015). In general, N and Ca were the most deposited 
macronutrients and Fe and Mn the most deposited micronutrients. This was also found in 
many other studies in tropical forests (Caldeira et al., 2008; Cuevas & Medina, 1986; 
Cunha et al., 2009; Diniz et al., 2015; Godinho et al., 2013a; Vitousek & Sanford Junior, 1986). 

The amount of Ca deposited by litterfall is associated with its low or non-mobility in the 
plants (Caldeira et al., 2008; Marschner, 1995). Due to this fact Ca is mainly cycled by a 
biogeochemistry route, such as deposition of senescent tissues (Nilsson et al., 1995). Despite 
the high mobility of N in the plants, the N deposition and accumulation in the litter layer can 
be accredited to dominance of trees in the Fabaceae family, which are N2 fixing species 
(Cunha Neto et al., 2013; Diniz et al., 2015). Species of the Fabaceae family represented 17% 
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of the individual numbers and 31% of the basal area in the plots (Archanjo et al., 2012). 
In addition, litter production is the main way of transferring N from plants to soil because 
leaves constitute about 88% or more of the litter and their tissues have high N 
concentrations. 

Deposition and accumulation in the litter layer of P, K, and Mg can be related to the high 
mobility of these nutrients, with internal translocation (biochemistry) being the main route of 
cycling. Furthermore, K does not form any organic compost in the plants, being found in a 
free form in the cellular content, being easily leachable from the canopy to soil 
(Caldeira et al., 2008; Marschner, 1995; Vital et al., 2004). 

The Fe deposition by litterfall can be associated with the low mobility of this nutrient in 
the growing plants (Dechen &Nachtigall, 2006; Malavolta, 2006). This low mobility also can be 
affected by several external factors, such as high P and/or Mn availability, K deficiency, and 
low solar radiation. The soil clay content, soil pH, and soil organic matter also can influence 
Fe cycling because they influence Fe availability (Dechen & Nachtigall, 2006). 

The Mn deposition and accumulation in the litter layer can be associated with the high 
availability of this nutrient in acidic soils (in the case of this study) and the low mobility of this 
nutrient in the leaves (Heenan & Campbell, 1983). However, in addition to Fe, the Mn content 
in the litter layer can be associated with the contamination by Fe and Mn soil oxy-hydroxides 
(Dechen & Nachtigall, 2006). 

Mn was the only element affected by topographic position. Its higher deposition at the 
top of the hill plots can be associated with the higher availability of this nutrient in such 
position. The high Mn availability in the hill top sites is associated with better drainage and 
consequential availability of O2 which results in higher oxidation and consequent availability 
of this nutrient (Brady & Weil, 2013). The B in the litterfall also can be associated with the low 
mobility of this nutrient, resulting in higher cycling through the biogeochemistry route 
(Marschner, 1995). 

Annual decomposition rate (k) 
The k of the litter in the bottom, middle and top of the hill was 1.73, 1.53 and 

1.52 respectively. Among macronutrients, the highest decomposition rate (consequently 
highest release speed) was observed for K and the lowest was found for Ca. Among 
micronutrients, the highest release speed was found for B and the lowest for Fe. The k of C 
was 1.81, 1.67 and 1.57 in the plots located at the bottom, middle and top of the hill 
respectively. The number of days needed to release 50% (T50%) of the initial mass of the C 
was around 151 days and the time needed to release 95% of C (T95%) was around 653 days 
(Table 4). 

Table 4. Decomposition rate (k) in 2010 (12 months), time needed for decomposition of 50% (T50%) and 
95% (T95%) of the initial mass of litter, nutrients and C of an Atlantic Forest in plots located at the top, 
middle and bottom of the hill (Bottom n=8, Middle n=2 and Top n=2). 

Nutrients 
k T50% (days) T95% (days) 

Bottom Middle Top hill Bottom Middle Top hill Bottom Middle Top hill 
N 1.89 1.74 1.70 134 145 149 581 629 644 

P 2.24 1.85 1.93 113 136 131 488 591 566 

K 4.85 4.84 5.04 52 52 50 226 226 217 

Ca 1.33 1.34 1.22 191 189 207 825 816 897 

Mg 2.34 2.21 2.09 108 114 121 468 494 524 

S 2.78 2.68 2.55 91 94 99 393 409 429 

Fe 0.49 0.24 0.21 514 1076 1212 2225 4658 5248 

Cu 1.52 1.30 1.33 167 194 190 722 839 822 
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Nutrients 
k T50% (days) T95% (days) 

Bottom Middle Top hill Bottom Middle Top hill Bottom Middle Top hill 
Mn 1.30 1.02 1.36 195 247 186 843 1069 806 

Zn 1.42 1.36 1.25 178 186 203 772 805 879 

B 2.42 2.38 2.46 104 106 103 452 460 445 

C 1.81 1.67 1.57 140 152 161 605 657 696 

Litter 1.73 1.53 1.52 147 165 167 636 716 722 

Generally, temperate forests have a soil C pool greater than tropical forests (Olson, 
1963). When we compare the C deposition rate (4717 kg ha-1 y-1) and the amount 
accumulated (2617 kg ha-1) found in this study with the found in temperate forest 
(Jenny et al., 1949) the reason for this difference is clear. This is due to climatic conditions 
causing an increase in microbial activity, and consequently in decomposition rate, C 
mineralisation, and release to the atmosphere (Olson, 1963). The soil C pool is a response of 
the difference in C inputs (mainly from litterfall and fine root turnover) with C outputs 
(mainly by decomposition) (Baldock & Skjemstad, 2000). The climatic factors (mainly 
temperature and humidity) play an important role in the microbial activity and consequently 
in the enzymatic activity and C mineralization (Pandey et al., 2007). 

Despite finding no significant difference in the amount of litterfall and litter layer 
between position of the plots, a trend of increased k from the top to bottom was found. This 
fact might be due to increase in soil moisture content. Sites at the bottom of the hill receive 
water from side drainage for longer time than hill top sites after rain events. Annual 
decomposition rates ranging from 1.09 to 2.45 have been found for many authors in semi 
deciduous Atlantic Forests (Arato et al., 2003; Cunha et al., 1993; Turchetto & Fortes, 2014; 
Vital et al., 2004; Pimenta et al., 2011). In evergreen tropical forests k change of 0.68 to 2.34 
has been found (Backes et al., 2005; Menezes et al., 2010; Pereira et al., 2013; Pires et al., 
2006; Scheer, 2008). 

Values of k higher than 1 indicate that decomposition is higher than litterfall, resulting in 
litter layer stocks smaller than the litterfall rate (Olson, 1963). This situation (k > 1) is found in 
forests of tropical climates, different from that observed in temperate and boreal forests, 
being influenced mainly by temperature and precipitation. With exception of Fe, k was 
higher than 1 for all nutrients, C and litter. This fact indicates semi deciduous forests as well 
as evergreen tropical forest have a high C and nutrient turnover. The high variation in the 
decomposition rate found in the literature can be associated with the soil moisture, 
temperature, microbial fauna, and quality of the deposited litter (related with species 
composition) (Anderson et al., 1983; Horwart, 2007; Turchetto & Fortes, 2014). 

Long term studies have shown that the forest C pool increases with the progression 
along the successional process (Chazdon et al., 2016; Pan et al., 2011), followed by a low 
reduction until reaching an equilibrium called steady state (Brienen et al., 2015; Pan et al., 
2011; Phillivs et al., 2009; Poorter et al., 2016). However, the role and behaviour of the litter 
layer accumulation in long of successional process is not yet well known, with more studies 
being necessary. 

Relationship weather vs. litterfall and litter layer 
The months with low rainfall had the lowest litterfall rate, however at the end of the dry 

season (Sep. and Oct. of 2011) high litterfall rate was found even with low rainfall (Figure 1). 
Using the Kaiser-Guttman criteria the variation of the climatic data and the litterfall could be 
represented by two PCA axis. The first axis explained 53% of the data variance, and the 
second 25%. With this analysis, we could observe that the highest litterfall rate was found in 
the month with low air humidity, high radiation, temperature, and wind speed (Figure 2). 

Table 4. Continued… 
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Figure 2. Principal Component Analysis of the weather data with the litterfall production of a semi 
deciduous Atlantic Forest. 

The variance of the climatic data with the litter layer accumulated on the soil was 
explained by two axes. The first two axes explained 58% and the second 26% of the data 
variation respectively. With this analysis, it was possible to observe that the highest litter 
layer amount was found in the months with high wind speed, radiation, and temperature 
and the lowest in the month with high rainfall and air humidity (Figure 3). 
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 2
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PC 1 (57.71 %)  
Figure 3. Principal Component Analysis of the weather data with the litter layer amount of a semi 

deciduous Atlantic Forest. 

Some studies in different forest types show a weak relationship between weather 
conditions and litterfall and litter layer (Corrêa et al., 2013; Godinho et al., 2013a; 
Schumacher et al., 2013; Turchetto & Fortes, 2014; Vogel et al., 2007). On the other hand, 
other studies, (such as this) have found a strong relationship between litter, air temperature, 
and precipitation (Santos & Válio, 2002; Scoriza & Piña-Rodrigues, 2014; Antoneli & 
Francisquini, 2015). Wood et al. (2006) pointed out that, although the magnitude of nutrient 
fluxes may be controlled by local factors such as soil fertility, temporal patterns are likely 
regulated by a common environmental variable such as precipitation or temperature. These 
different behaviours in different types of forest can be associated with evolutionary 
processes which have determined the distribution of species well adapted to each 
environmental condition (Turchetto & Fortes, 2014). 
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Studies in some primary forests have shown that water stress reduces the green colour 
intensity of the leaves (Samanta et al., 2012; Xu et al., 2011), the leaf area index (Hilker et al., 
2014) and the net primary production (Lewis et al., 2011). Brando et al. (2008) reported that 
the dry season between 1999 and 2005 in the Amazon forest resulted in reduction of wood 
production (reducing 13% in the first year and reaching 62% in the followed years) and 
reduction in the litterfall (in 23%) after the third year. Following the drought, litterfall and 
growth rates recovered quickly. 

CONCLUSION 

The highest litterfall rate and litter layer accumulation was found in the end of the dry 
season, this being a normal behaviour for this forest typology. A trend of increased 
decomposition rate from the top to the bottom of the hill was found, but topography 
gradient did not affect the litterfall or litter layer. Despite the high seasonality, weather 
conditions were weakly correlated with litterfall and litter layer, however higher correlations 
were found with air temperature and humidity. Litterfall is an important mechanism for the 
transference of nutrients from plants to soil, especially the non-mobile nutrients and N, due 
to a high dominance of the Fabaceae family trees. In 17 months, around 6.7 Mg ha-1 of C was 
deposited on the soil and a mean 2.6 Mg ha-1 were stored in the litter layer. In the year 2010, 
in the 12 months, the annual decomposition rate was 1.68. 
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