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 The success of a forest restoration project requires an evaluation of the restored area 

through the analysis of vegetative indicators such as litter production and litter 

decomposition. The objective of the present study was to quantify annual litter 
production and to verify leaf litter decomposition rate in mined area in restoration 

process in southeast Brazil. Were installed 40 litter traps of 1 m². The material was 

collected monthly during one year and separated into several fractions: leaf, flower, 
fruit-seed and branches. Then, the production was quantified. Forty litterbags were 

arranged systematically in the study area. Was estimated decomposition rate (k) and 

half-life time (t0.5) of the litter for one year. The annual litter production was 6,772 ± 
1,940 kg ha-1. The predominant fraction was leaf (5,101 ± 1,486 kg ha-1). Litter 

production presents seasonally throughout the year, with the largest production in the 

end of the cool and dry period. And the leaf litter presents higher decomposition rate in 
the period of highest rainfall. 
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INTRODUCTION 

 

 Mining activity generates the degradation of 

large areas of land worldwide (Machado et al. 2013). 

Complete removal of vegetation layers and top soil 

through mining hinders or eliminates natural 

regeneration processes (Palmer et al. 1997). 

Therefore, anthropic interventions are necessary to 

restore the natural structure and function of plant 

communities. 

 These interventions are conducted through forest 

restoration techniques, which are considered as 

effective tools of ecological engineering (Lu et al. 

2011). The goal of forest restoration is to return the 

site to pre-disturbance conditions (van Andel and 

Aronson 2012). 

 To avoid the occurrence of unforeseen events 

that may harm forest restoration in a particular area, 

it is essential to perform an evaluation of area in 

restoration process. This evaluation checks the 

development of ecological processes, helps in 

identifying potential disturbances, defines 

management measures to be implemented, aids in 

improving the methods and models employed, and 

helps studies of employed plant communities 

(Ignácio et al. 2007). It is also possible to have an 

integrated approach between social and ecological 

factors by combining the evaluation of vegetative 

indicators with an assessment of public perception 

and esthetic and recreational values provided by the 

restoration (Petursdottir et al. 2013). 

 The success of a forest restoration project 

requires an evaluation of the area in restoration 

through the analysis of indicators or environmental 

variables (Brancalion et al. 2015). The most used 

indicators are vegetative indicators or bioindicators 

such as natural regeneration, seed rain, soil seed 

bank, canopy openness, litter production, and litter 

decomposition (Martins 2013). Litter production is 

related to factors like species composition, species 

physiological responses, winds, and hydrological 

regime (Eglin et al. 2008, Aceñolaza et al. 2010).  

 Through litter decomposition, organic matter 

and nutrients are returned to the forest soils, thus 

bringing about an improvement in soil fertility 

(Xuluc-Tolosa et al. 2003, Alhamd et al. 2004). The 

rate of litter decomposition is related to soil carbon 

and nitrogen content and the presence of bacteria, 

fungi, and other soil organisms (Kemp et al. 2003, 

Alhamd et al. 2004). 

 Litter production and leaf litter decomposition 

are important indicators for the assessment of forest 
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restoration because they are linked to nutrient cycling 

(Barnes et al. 1998). The litter is the main route of 

transfer of carbon, nitrogen, phosphorus and calcium 

back to soils (Cole and Rapp 1980). 

 In this context, the objective of this study was to 

quantify annual litter production and to verify leaf 

litter decomposition rate in a mined area in 

restoration process in southeast Brazil. And to test 

the hypothesis: 1) existence of seasonal differences 

in litter production throughout the year, with an 

highest production during the dry season; 2) 

occurrence of highest leaf litter decomposition rate in 

the period of highest rainfall. 

 

MATERIALS AND METHODS 

 

Study site: 

 The current study was conducted in a mined area 

in restoration process by planting tree seedling 

(21º25’35”S, 42º56’08”W), in the county of 

Descoberto, Minas Gerais State, in southeast Brazil, 

with altitude between 618-633 m. 

 The climate of the region is classified as Aw 

(tropical humid) by the Köeppen system. The 

temperature is high in summer, reaching 40 °C, and 

in winter it is 20-22 °C, and the average annual 

rainfall is 1,300 mm. It has a very rugged 

topography, with small plains and plateaus limited by 

mountains and rectilinear valleys (Lopes and 

Branquinho 1988). The predominant vegetation in 

the region where the study area is inserted is 

classified as semideciduous montane forest (IBGE 

2012).  

 In 2003, Votorantim Metais Company explored 

bauxite in the study area. Subsequently the 

topographic reconstruction process and the 

implementation of forest restoration were held 

through the planting of native trees in the total area 

(1 ha), with spacing of 1 x 1 m. Around the study 

area, there are areas undergoing restoration with 

different ages, grasslands and preserved forest 

fragments. 

 

Litter production: 

 In the study area, 40 litter traps of 1 m² were 

installed, placed 10 cm above the soil surface at 

intervals of 10 m between the traps. The traps were 

made of metal frame with the bottom covered by a 

shading screen. The material intercepted by the traps 

was regularly collected at intervals of 30 days during 

a period of 12 months between July 2012 and June 

2013. The litter collected was separated into 

fractions: leaf, flower, fruit-seed and branches (up to 

2 cm diameter). After the sorting, the fractions were 

dried in forced air oven at 70 ºC for 48 hours and the 

dry mass was measured in electronic precision scale. 

 For the analysis of the monthly change in total 

production and fractional litter, the analysis of 

variance (ANOVA) was used, followed by the 

comparison of means (Tukey test, p < 0.05). This test 

was performed in Statistica 7.0 software (Statsoft 

2004). 

 The rainfall data were provided by the weather 

station of the company Votorantim Metais (Figure 

1). The canopy openness was determined through 

digital hemispherical photographs obtained at the 

center of each trap with the CI-110 Digital Plant 

Canopy Imager® equipment. 

 To evaluate the influence of rainfall and canopy 

openness in litter production during the study period, 

the matrix of Pearson correlation (significance p-

level < 0.01) between the total litter production, the 

production of fractions, the data from rainfall and 

canopy openness was calculated. 

 

Leaf litter decomposition  

 Forty litterbags were distributed in the study 

area. A litterbag with 5.0 g of leaf litter dry mass of a 

mixture of species was placed in soil beside each 

litter trap. Litterbags were made of nylon mesh with 

the dimensions of approximately 22 x 22 x 3 cm. 

 Decomposition rates were estimated from the 

loss of dry mass. Every 3 months, 10 litterbags were 

randomly collected from the area, totaling 4 

samplings. The material obtained at every 

opportunity was dried in forced air oven at 70 ºC for 

48 hours and the dry mass was measured in 

electronic precision scale. Then, the decomposition 

rate k was estimated according to the equation 1 

(Olson 1963), and half-life time (t0.5) according to 

equation 2 (Rezende et al. 1999).  

Xt = X0 . e
-kt

                                         (1) 

 Where, Xt = weight of litter at time t; X0 = initial 

weight of litter; e = natural logarithm; k = 

decomposition rate constant; t = time of 

decomposition. 

t0.5= ln (2) / k                                         (2) 

 Where, t0.5= half-life time; k = decomposition 

rate constant. 

 A regression analysis was performed to estimate 

the mass of remaining leaf litter. Different models 

were evaluated, such as linear, logarithmic, 

exponential, polynomial and potential. The best fit 

was calculated using the coefficient of determination 

(R²) at a 0.01 significance level. 

 

Results: 

Litter production: 

 The annual litter production was estimated at 

6,772 ± 1,940 kg ha
-1

. The predominant fraction was 

leaf (5,101 ± 1,486 kg ha
-1

), followed by the fractions 

of branches (1,290 ± 660 kg ha
-1

), fruits / seeds (272 

± 310 kg ha
-1

) and flowers (109 ± 211 kg ha
-1

). 

 Seasonal variation in litterfall at the area in 

restoration is showed in Figure 2. Litterfall occurred 

throughout the year but the maximum rate occurred 

at the end of the cool and dry period (September-

October), with 24% of total litter. 

 The lowest values of total litter production were 

recorded in the transition from the fall-winter 
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seasons, with lower production in June. Leaf fraction 

presented throughout the year a pattern very similar 

to the total litter production. The branch fraction 

showed higher production in November. The fruit-

seed fraction had slight increase in the production in 

August and flower fraction showed a slight increase 

in April, both showed a low and constant production 

(Figure 3). 

 The correlations between the total litter and 

fractions were expressive and significant (p < 0.01), 

especially the leaf fraction. However, the correlations 

between litter and canopy openness were not 

significant (p > 0.01). The area in restoration has low 

canopy openness (8.1 ± 6.5%). Rainfall showed a 

significant correlation (p < 0.01) only with the 

branch fraction (Table 1). 

 

Leaf litter decomposition: 

 The values of the dry mass, decomposition 

constant (k) and the half-life of the leaf litter in each 

analysis period are shown in Table 2, and the 

decomposition curve is in Figure 4.  

 The highest decomposition rate and the 

consequent lowest value for half-life were recorded 

in the period from October-December 2012. The best 

regression model adjusted (polynomial) for the 

estimated leaf litter decomposition in area in 

restoration resulted that 84% (p < 0.01) of the 

variation in the remaining leaf litter mass can be 

estimated from the time, in months (Figure 4). 

 

Discussion: 

Litter production: 

 The annual litter production obtained is among 

the values recorded in Tropical Forests in Brazil 

(Werneck et al. 2001, Pinto et al. 2008, Menezes et 

al. 2010, Dickow 2012), Mexico (Sanchez and 

Alvarez Sanchez 1995), Jamaica (McDonald and 

Healy 2000) and Thailand (Hanpattanakit and 

Chidthaisong 2012). Also in areas in restoration 

(Moreira and Silva 2004, Machado et al. 2008, 

Celentano et al. 2011). 

 The greater production of leaf fraction in the 

final period of the dry season can be related to the 

occurrence of strong winds in September and 

October, typical of this season in southeast Brazil, 

and which acts as a mechanical factor (Pinto et al. 

2008). It too can be related to the vegetation response 

to water stress which acts as a mechanism to reduce 

water loss through transpiration (Martins and 

Rodrigues 1999). Addition to the decrease in 

temperature and low soil moisture during this season 

(Burghouts et al. 1994, Hanpattanakit and 

Chidthaisong 2012), and reduction of photoperiod 

(Moreira and Silva 2004). 

 The deposition of branches is related to biotic 

events that generate long-term responses and abiotic 

ones that generate short-term responses such as 

physical damage by lightning, high winds, falling 

trees and rainfall (Pinto et al. 2008). Thus, the rain 

was possibly the main factor of greater deposition of 

branches in November-2012, the month with the 

highest volume of rainfall (289 mm) during the 

analysis of litter. 

 The production values of flowers and fruit-seeds 

are directly related to local biotic conditions, floristic 

composition and phenology of species present in the 

study area (Diniz and Pagano 1997). Therefore, these 

fractions do not follow the same distribution of the 

production of leaves and branches. 

 Although a strong correlation is expected 

between litter production and canopy coverage, 

especially in plantations with high density of trees 

(Clark et al. 2001, Celentano et al. 2011), the 

absence of a statistically significant correlation 

between litter and canopy in the area in restoration, 

cannot be disregarded. As the area has a closed 

canopy and a high litter production, biologically, we 

can say that there is an important influence of the 

canopy on litter production. 

 

Leaf Litter decomposition: 

 The mass of the leaf litter showed gradual 

decrease during the 12 months of analysis. The 

percentage achieved by the remaining mass of leaf 

litter fall within the range of 40-70% was reported 

for different forest types and climatic conditions 

(Guillon et al. 1994, Alhamd et al. 2004, Sanches et 

al. 2009, Ibarra et al. 2011). 

 The highest decomposition rate recorded in the 

period October-December 2012 coincides with the 

period of highest volume of rainfall. This fact may 

influence the rate of decomposition. However, 

according to Kochy and Wilson (1997), variations in 

the level of shading by the canopy, with effects on 

insolation, temperature and soil moisture, may also 

influence the rate of decomposition of leaf litter. In 

addition, soil fauna in different environments 

(Heneghan et al. 1998) and nutrients present in the 

leaves can affect the decomposition rate, for 

example, acceleration of decomposition due to high 

levels of nitrogen (Mfilinge et al. 2002). 

 Another factor that may influence the rate of 

decomposition of leaf litter is the level of compaction 

and soil structure mainly in mining soil where the 

structure is highly modified. 

 The lowest decomposition rate and the 

consequent highest value for half-life recorded in the 

period July-September 2013 related mainly to the 

period of lowest volume of rainfall during the 

analysis time. There is a decreasing trend in the rate 

of decomposition in the late stages of the 

decomposition process (Guillon et al. 1994), 

approaching a limit value of mass loss (Berg 2000). 

In the initial phase, the level of water-soluble 

substances decrease rapidly and in the late stage, the 

decomposition of lignin dominates relative to other 

nutrients (Osono and Takeda 2001). 
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Conclusion: 

 Litter production presents seasonally throughout 

the year, with the largest production in the end of the 

cool and dry period. And the leaf litter presents 

higher decomposition rate in the period of highest 

rainfall. These patterns, and the values of litter 

production and decomposition, are similar to those of 

native semideciduous forests in the region. 
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Fig. 1: Rainfall occurred from July 2012 to September 2013 for the county of Descoberto, in southeast Brazil.  

Source: Votorantim Metais weather station. 

 

 
 

Fig. 2: Mean monthly production (kg ha
-1

; ± SD) between July 2012 and June 2013 for total litter in the mined  

area in restoration process, southeast Brazil. Means followed by the same letter do not differ by Tukey  

test (p > 0.05). 
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Fig. 3: Mean monthly production (kg ha
-1

; ± SD) between July 2012 and June 2013 for fractions of the litter in  

the mined area in restoration process, southeast Brazil. 

 

 
 

Fig. 4: Leaf litter decomposition curves in the mined area in restoration process, southeast Brazil. 

 
Table 1: Pearson correlations among rainfall, canopy openness (CO), total litter, fractions leaf, branch, fruit-seed and flower of the mined  

area in restoration process, southeast Brazil. 

 Leaf Branch Fruit-Seed Flower Total litter CO Rainfall 

Leaf 1.000 - - - - - - 

Branch 0.061 1.000 - - - - - 

Fruit-Seed 0.405* -0.020 1.000 - - - - 

Flower 0.675* 0.035 0.441* 1.000 - - - 

Total litter 0.925* 0.388* 0.512* 0.709* 1.000 - - 

CO -0.164 -0.005 -0.083 -0.044 -0.145 1.000 - 

Rainfall -0.015 0.732* -0.257 0.072 0.213 - 1.000 

 * p < 0.01 significant 
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Table 2: Dry mass, decomposition rate (k) and litter half-life time (t0.5) during periods of analysis in the mined area in restoration process,  

southeast Brazil 

t 

(months) 

Period Dry mass 

(g) 

Decomposition 

(%) 

k 

(g g-1 day-1) 

t0.5 

(days) 

0 Oct 2012 5.00 ± 0.00 00.0 0.0000 - 

3 Oct-Dec 2012 3.53 ± 0.57 29.3 0.0039 180 

6 Jan-Mar 2013 3.04 ± 0.69 39.1 0.0028 251 

9 Apr-Jun 2013 1.98 ± 0.46 60.4 0.0034 202 

12 Jul-Sep 2013 1.95 ± 0.42 61.0 0.0026 265 
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