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Abstract
Litter decomposition restores part of the elements absorbed by the plant back into the soil, acting as a regulator of 
the biogeochemical cycling of nutrients. This study aimed to evaluate the litter quantity and quality of Eucalyptus 
grandis in Northern Fluminense region, RJ. Three rotational sequences were studied, the first after 8 years (FR8), 
the second after 1.5 years (SR2), and a 5year old regrowth (R5). Leaf litter was divided into whole leaves (WL), 
fragmented pieces (FP), twigs/branches (TB), reproductive structures (RS) and bark (B). The total litter in FR8 was 
9.56 Mg ha-1, in SR2, 13.85, and in R5, 22.97 Mg ha-1, corresponding to 83, 163 and 75 kg ha-1 of N, respectively. FP 
represented 38%, 48% and 55% of N, respectively, in SR2, R5 and FR8. The WL and FP fractions have high recycling 
potential of organic matter and nutrients due to their lower C/N and Lig/N quality index values. 
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1. INTRODUCTION AND OBJECTIVE

Eucalyptus cultivation in Brazil occurs in very diverse climate, 
soil and topography conditions (Gonçalves et al., 2013). There 
have been plantations in the form of windbreakers, subsistence 
crops, agroforestry systems, small-scale commercial crops 
without fertilization management and predominantly high-tech 
commercial crops. This is due to the great adaptation versatility 
of the different eucalyptus species and to the ability of eucalyptus 
producers in Brazil to take advantage of these capacities of the 
plant. Common sense among small-scale farmers is that the 
eucalyptus “grows well anywhere”, so usually they plant it in 
marginal areas on the property. Despite the productive capacity 
of this plant, crop management is essential so that its production 
reverts to positive income from the economic point of view.

In the State of Rio de Janeiro, the eucalyptus crops are 
cultivated mostly in small areas. The approximately 18,000 ha 
occupied by this crop are distributed in 998 cultivated areas 
(Amorim et al., 2012), indicating an average of 18 ha per area. 

In the north of the state, small-scale eucalyptus plantations 
are relatively common, even though their detection was not 
very significant in a survey conducted by Amorim et al. 
(2012), since the minimum identifiable area used was 4 ha. 
Eucalyptus plantations in this region are generally means of 
species diversification in a scenario of sugar cane monoculture 
and pasture. Wood production aims to meet the great demand 
for firewood by the ceramic and construction industries. 
However, much of this demand is met by wood produced in 
neighboring states, especially ES. 

The nutrient requirement for forest stand development 
differs among species, productivity levels and plant 
ages (Turner & Lambert, 2008). In short rotation 
plantings with regrowth management there is a need for 
replanting fertilization to attain production sustainability  
(Gatto et al., 2014). Despite the need for fertilization so that the 
subsequent productivity is no affected, some of the nutrients 
absorbed by the stands are provided by the decomposing 
residues added to the soil as litter (Rocha et al., 2016;  
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Silva et al., 2013). Thus, the contribution of litter to plant 
nutrition most likely becomes more important under conditions 
of inadequate fertilization management. 

Litter formation happens by the natural fall of organic 
materials that constitute plant structures, e.g., leaves, 
branches, bark and reproductive structures. This residue 
stock on the soil plays an important role in regulating 
nutrient cycling and maintaining soil fertility in forest systems  
(Laclau et al., 2010). On the other hand, the litter quality 
depends mainly on the chemical quality of the compounds 
present in these materials (Prescott, 2010). Another aspect 
in the transference of nutrients from the litter to the plant 
or soil is the decomposition process, controlled by several 
factors, including abiotic ones (Makkonen et al., 2012; 
Powers et al., 2009; Souza et al., 2016; Waring, 2012),  
which determine transfer rates.

Plants produce a wide variety of secondary compounds 
that contain phenolic groups, including lignin, flavonoids, 
isoflavonoids and tannins (Mazid et al., 2011). These 
compounds can be divided into low molecular weight 
compounds, oligomers and high molecular weight polymers 
(Hättenschwiler & Vitousek, 2000). They act as defense 
barriers for the plants against predators and pathogens, 
based on the toxic or repellent nature of herbivores and 
microorganisms, acting as well as a defense against abiotic 
stress (Mazid et al., 2011). Polyphenols are known to affect 
litter quality, sometimes with greater effects than N and lignin 
on the decomposition rate. On the other hand, phenolic 
compounds also affect directly the composition and activity of 
decomposing organisms, influencing the decomposition rate 
and the nutrient cycling (Hättenschwiler & Vitousek, 2000). 
In this sense, recognizing the proportion of these secondary 
compounds in plant residues may help to understand the 
nutrient cycling dynamics in several ecosystems. Thus, 
under the same edaphoclimatic conditions, the quality of 
the substrate in forest systems becomes the main regulating 
variable of the decomposition process. 

The objective of the present study was to evaluate the 
litter amount and quality in a Eucalyptus grandis stand, at 
different rotation ages, in the North Fluminense region, 
RJ, Brazil.

2. MATERIALS AND METHODS

The studied area is located in the municipality of São 
Francisco do Itabapoana, in the State of Rio de Janeiro, Brazil. 
The average annual temperature during the experimental 
period was 22.7 °C, with a minimum of 19.5 °C and maximum 
of 26.7  °C. The average annual rainfall was 848 mm, with 
54% of it from October to December. The soil of the area 
was classified as Yellow Argisol, which presents low chemical 
fertility (Table 1).

The evaluated plots of Eucalyptus grandis had different 
planting ages and managements, being classified as follows: 
FR8, first rotation, at 8  years old; SR2, second rotation, 
regrowth at 1.5 years old; and R5, second rotation, regrowth 
at 5 years old, according to the characterization described by 
Cunha et al. (2005). The eucalyptus harvest in the area was 
done by removing trunks with bark, and leaving the harvest 
residue (leaves and branches) on the soil. 

Two plots with dimensions of 20  ×  25  m each were 
randomly demarcated for the collection of the accumulated 
litter. A wooden square of 0.50 × 0.50 m, which was randomly 
thrown four times in each area, was used to do so. The organic 
material deposited on the soil contained in these 0.25 m2 areas 
was collected in order to quantify the litter. This procedure 
was performed once at the end of the wet season (February), 
and once at the end of the dry season (August). 

The material collected to quantify the litter was separated 
into the following components: freshly fallen whole leaves 
(WL); fragmented pieces (fragmented leaves with dark 
staining) (FP); twigs/branches (TB); reproductive structures 
(RS); and bark (B). Minor and non-recognizable fragments 
were designated (RI). The different litter components were 
oven dried at 65 °C to constant weight. 

Table 1. Chemical characteristics of the soil at the depth of 0-20 cm in an E. grandis stand in Northern Rio de Janeiro, Brazil  
(Costa et al., 2005).

pH Ca Mg Al K P

mmolc dm-3 m  mg dm-3

SR2 4.82 7.3 2.9 3.6 0.6 2.82

R5 4.89 6.2 3.5 3.6 0.6 2.72

FR8 4.88 6.3 3.2 4.5 0.9 3.08

SR2: E. grandis regrowth at 1,5 years; R5: E. grandis regrowth at 5 years; FR8: 8-year-old E. grandis plantation.
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For the chemical analysis, the samples obtained in each 
lot were grouped by litter component in composite samples, 
one for each time of the year. The plant material was grated 
and then subjected to a chemical analysis. The C and total 
soluble polyphenols were determined based on the procedure 
described by Anderson & Ingram (1996), while lignin and 
cellulose were determined by the acid detergent fiber method 
(Anderson & Ingram, 1996; Van Soest & Wine, 1968). N was 
analyzed based on the method recommended by Bremmer 
& Mulvaney (1982). P, K, Ca and Mg were determined after 
nitric-perchloric digestion, according to the recommendations 
of Bataglia et al. (1983). 

The total amount of C, cellulose, lignin, polyphenols, 
N, P, K, Ca and Mg was obtained by multiplying the 
concentration of each litter component by its mass.  
The sum of the results corresponded to the total accumulated 
in each forest cover. 

A 95% confidence interval was estimated for the means 
of the studied variables, associated to the precision expressed 
by the standard error and to the experimental variability 
measured in the coefficient of variation.

3. RESULTS AND DISCUSSION

The average amount of accumulated litter, including 
non-recognizable residues (RI), was 13.85 Mg ha-1 in SR2, 
22.97 Mg ha-1 in R5 and 9.56 Mg ha-1 in FR8. Except for 
the RI residue, litter accumulation ranged from 8.7 ± 0.8 to 
20.8 ± 2.7 Mg ha-1 ha-1 (Figure 1a). SR2 and FR8 values were 
close, both being surpassed by R5, which had approximately 
the double amount of litter. The most pronounced seasonal 
effect was observed in R5, with a higher amount of material 
accumulated in the dry season. Turner & Lambert (2008) 
reported the values of 5.33 and 11.80 Mg ha-1 of accumulated 
litter, on a first-rotation planting of E. grandis, at the ages 
of 2 and 5 years, respectively. In a commercial planting of  
E. urophylla × E. globulus hybrid, Schumacher et al. (2013) 
found 13.7 Mg ha-1 of stored litter. The relatively high litter 
values in SR2 are due to the presence of crop residue fragments 
(as well as to the residues of management thinnings), since the 
litter contribution rate of crops at younger ages is generally 
lower (Cunha et al., 2005; Turner & Lambert, 2008). The 
high amount of accumulated litter in R5 also reflects the 
presence of harvest residues of the previous cycle, mainly 
branches, added to the residues produced by the second 
rotation (litter and thinning residues). 

Analyzing the litter components, it is observed that 
the average amounts varied: from 0.4 to 1.4 Mg ha-1 for 

whole leaves (WL) (Figure 1b); from 2.7 to 6.9 Mg ha-1 for 
fragmented pieces (FP) (Figure 1c); from 4.8 to 9.3 Mg ha-1 
for twigs/branches (TB) (Figure 1d); from 0.16 to 1.77 Mg ha-1 
for bark (B) (Figure 1e); and from 0.08 to 1.41  Mg  ha-1  
for reproductive structures (RS) (Figure 1f). In relative 
terms, the WL component corresponded to 11.7% of FR8 
litter, a higher value than those of R5 (6.6%) and SR2 (4.3%). 
Cunha Neto et al. (2013) found that the leaf ratio in the litter, 
without distinction between whole leaves and fragmented 
leaves, reached 44% in E. grandis× E. urophylla hybrid  
at 4.5 years old. 

The twig/branch fraction represented a high proportion 
of the litter residue (44.8 to 54.4%) (Figure 1). In absolute 
terms, it can be observed that the branches in R5 represented 
higher biomass values when compared to those of other ages, 
reaching 9.3 Mg ha-1. The great contribution of branches 
in the litter biomass is due to the harvest residues, as well 
as to the addition of stalks of the sprouts cut during the 
coppice management. The annual fall of branches noted 
by Cunha et al. (2005) corroborated this understanding, 
since the litterfall material collected in these same plots 
was only 1.31  Mg  ha-1 in FR8, 0.67  Mg  ha-1 in SR2 and 
1.35 Mg ha-1 in R5. 

The fragmented pieces fraction, which includes materials 
of reduced size, with a predominance of leaves in several 
fragmentation stages, was more representative than the 
whole leaves fraction in the litter composition. Notably, the 
whole leaves indicate recent deposition while the fragmented 
pieces fraction integrates the litter components in different 
decomposition stages. The amount of FP was 5 times higher 
than that of WL in R5, while it was only 1.7 times the amount 
of WL in FR8. Thus, the residue fragmentation index increases 
in the second rotation age. In this context, understanding 
the fragmentation as one of the decomposition processes  
(Swift et al., 1979) could indicate that R5 would be at a later 
stage of residue decomposition than SR2. 

The mean N concentration in the litter was 7.0  g kg-1 
in SR2, in FR8 it was 7.7  g kg-1 and in R5 it was 7.5  g kg-1  
(Table 2). The variation of nutrient concentrations was similar 
in the different litter components, except in the twigs and 
bark, which presented much lower N and P concentrations. 
In these same areas, Cunha et al. (2005) found mean values 
of 10.74 g kg-1 in SR2, 12.00 g kg-1 in R5 and 10.04 g kg-1 in 
FR8, for the nutrient concentrations in the leaf litter, including 
intact leaves and leaves in several stages of decomposition. 
Mean P and Ca values were close to those presented by intact 
leaves in the different ages, while the values for K and Mg 
reported herein were higher. 
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Figure 1. Total amount of litter and its accumulated components in an E. grandis stand in Northern Rio de Janeiro, Brazil.
FR8: first rotation of an 8-year-old stand; SR2: second rotation of a 1.5-year-old stand; R5: second rotation of a 5-year-old stand. Bars inserted in the 
columns represent the confidence interval of 95% (p = 0.05).

Table 2. Nutrient Concentration (g kg-1) in litter fractions (LF) of E. grandis stands in the first and second rotations, in Northern Rio 
de Janeiro, Brazil.

LF SR2 R5 FR8

N P K Ca Mg N P K Ca Mg N P K Ca Mg

WL 9.3 0.31 1.2 10.4 2.2 12.6 0.39 1.0 9.3 2.2 9.5 0.28 0.9 11.3 2.4

TB 4.3 0.15 0.4 12.9 1.8 4.3 0.14 0.4 5.0 1.2 4.6 0.13 0.3 7.4 1.1

FP 10.8 0.37 0.5 11.5 1.9 11.4 0.42 0.7 11.4 2.0 12.1 0.33 0.5 12.7 1.8

RS 10.0 0.41 0.6 12.6 2.1 9.0 0.4 0.1 8.8 2.5 9.0 0.34 0.7 10.9 1.9

B 4.6 0.14 0.3 6.9 1.2 3.9 0.13 0.4 5.5 1.5 4.2 0.15 0.4 7.4 1.3
WL: whole leaves; TB: twigs/branches; FP: fragmented pieces; RS: reproductive structures; B: bark; SR2: second rotation after 1.5 years; R5: second rotation after  
5 years; FR8: first rotation.
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The amount of N stored in the litter was 75  kg  ha-1, 
163 kg ha-1 and 83 kg ha-1, respectively, for SR2, R5 and FR8. 
The fraction that contributed the most to these results was 
FP, representing 38%, 48% and 55% of stored N, respectively 
(Figure 2a). In a E. urophylla × E. globulus hybrid at 6 years 
old, Viera et al. (2013) found 103 kg ha-1 of N in the litter, 
but after 9 years from planting, N accumulation increased to 
127 kg ha-1. A N accumulation of 68 kg ha-1 was verified by 
Cunha Neto et al. (2013) in a Urograndis hybrid at 4.5 years 
after planting. Thus, the stock of N and other nutrients tends 
to grow with the increasing biomass stored on the soil, making 
up an important reserve for nutrient cycling. Keeping the 
crop residue in the study area was fundamental to increase 
the N stock on the soil. It is noteworthy that even nutrient-
poor fractions such as branches contribute significantly to 
the final count of the stock when in large volume. The FP 
fraction represented proportionally higher stocks of N, P, Ca 
and Mg, except in SR2, where Ca and Mg stocks were higher 
in the branch fraction (Figures 2a, 2b, 2d and 2e).

The C concentration in litter components ranged from 
406 to 479 g kg-1 (Table 3). The highest values occurred in 
the WL component in the three studied plots. An average 
concentration of 487.5 g kg-1 C in Urograndis hybrid litter 
was found by Skorupa et al. (2015). In this study, the mean C 

concentration in the litter was of 442.4 (± 20.1) g kg-1 in SR2, 
443.6 (± 20.4) g kg-1 in R5, and 435.0 (± 21.7) g kg-1 in FR8.

In ascending order FP < WL < RS < B < TB presented 
average values of cellulose between 166 and 309  g  kg-1 
(Table 3). The mean cellulose amount in SR2 litter was 211 
(± 66.5) g kg-1, while for in R5 it was 194.4 (± 57.2) g kg-1, 
and in FR8 it was 286 (± 40.9) g kg-1.

The lignin found in WL and FP varied little among 
the residues of the three studied plots. The mean lignin 
concentration was 205 (± 11.4) g kg-1 and 270 (± 12.6) g kg-1 
in WL and FP, respectively. The average lignin concentration 
in branch fractions of all the plots was of 368 (± 54.7) g kg-1, 
about 44% higher than the one found in WL and 27% higher 
than that in FP. The litter in SR2 was composed by an average 
of 275 (± 70.2) g kg-1 of lignin, while in R5 and FR8 the 
lignin means were 267 (± 55.6) g kg-1 and 293 (± 72.5) g kg-1,  
respectively (Table 3). Studies in eucalyptus stands in the 
Northern Fluminense region indicate lignin values ranging 
from 112 to 312 g kg-1 in Urograndis hybrids, depending on 
the cultivation age (Barreto et al., 2008). In turn, Skorupa et 
al. (2015), also studying the Urograndis hybrid and established 
in Vale do Rio Doce, MG, did not find significant differences 
in the lignin concentration as a function of the cultivation 
age, , obtaining a mean content of 328.3 g kg-1. 
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Figure 2. Nutrient content in E. grandis litter fractions in the first and second rotations, in Northern Rio de Janeiro, Brazil.
FR8: first rotation of an 8-year-old stand; SR2: second rotation of a 1.5-year-old stand; R5: second rotation of a 5-year-old stand; WL: whole leaves; FP: fragmented 
pieces; TB: twigs/branches; B: bark; RS: reproductive structures.
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Table 3. Carbon, cellulose, lignin and polyphenols concentrations (g kg-1) in litter fractions (LF) of E. grandis stands in the first and second 
rotations in Northern Rio de Janeiro, Brazil.

LF SR2 R5 FR8

C Ce Li Po C Ce Li Po C Ce Li Po

WL 479 188 203 78 464 171 196 96 464 245 216 82

TB 425 284 324 10 439 250 362 26 424 266 420 23

FP 450 134 280 45 462 110 272 52 406 254 258 23

RS 424 150 380 36 439 171 281 32 444 307 332 22

B 434 298 191 18 414 270 224 40 437 358 242 30
WL: whole leaves; TB: twigs/branches; FP: fragmented pieces; RS: reproductive structures; B: bark; SR2: second rotation with 1.5 years; R5: second rotation with 5 
years; FR8: first rotation; C: carbon; Ce: cellulose; Li: lignin; Po: polyphenols.

than those reported by Li et al. (2015), most likely because 
of the remaining residues from the previous harvest cycle.

The litter quality is one of the factors controlling the 
decomposition process (Coûteaux et al., 1995). In predictive 
models of litter decomposition, the litter quality indices, such 
as C/nutrients, lignin concentration and lignin/nutrients 
ratios are widely used (Prescott, 2010). Therefore, the C/N, 
C/P, lignin/N and lignin + cellulose/N ratios of the different 
materials constituting the litter were estimated for the three 
studied conditions. It was found that the magnitude of these 
relations oscillated among the components (Table 4). 

In the materials with the least woody tissue (WL, FP and 
RS), the average C/N ratios were 46, 39 and 46, respectively. 
Skorupa et al. (2015) mention indices ranging from 33 to 48 
in freshly fallen leaves of Urograndis hybrids of different ages, 
not being any significant difference among leaf litter fractions 
from the different sites. On the other hand, the C/P ratio 
obtained in this study was substantially higher than those 
obtained by Skorupa et al. (2015), and the P concentration 
of the WL fraction (Table 2) was at least half of the one 
observed by these authors. Apparently, this indicates very 
high P levels in the litter, considering the limitation of this 
nutrient in the soil (Table 1). 

The lignin/N ratio was higher in the bark and branch 
fractions (Table 4). The 50 lignin/N ratio seems to mark the 
separation between woody and non-woody residues (Prescott, 
2005). Values from 22 to 34 in the lignin/N ratio were found 
in leaves of the Urograndis hybrids (Skorupa et al., 2015). 

The total soluble polyphenols were present in the highest 
concentrations in the WL, in comparison to the other litter 
constituents, in all three conditions (SR2, R5 and FR8). Among 
the plots, SR2 and R5 contained the lowest concentrations of 
this chemical component (Table 3). The average polyphenol 
concentrations, in descending order, were: 85 (± 10.7) g kg-1 
in WL; 40 (± 17.1) g kg-1 in FP; 30 (± 8.2) g kg-1 in RS; 29 
(± 12.5) g kg-1 in bark; and 20 (± 9.6) g kg-1 in TB. Barreto et 
al. (2008) reported an average concentration of 99.6 g kg-1 of 
polyphenols in Urograndis litter at different ages.

The litter fractions (Figure 2f) totaled 3,837 kg ha-1 of C 
in SR2, 4,331 kg ha-1 of C in FR8 and 9,023 kg ha-1 of C in R5. 
The branch fraction represented the largest C stock in all three 
plots, representing 53%, 45% and 49% of the accumulated C 
in SR2, R5 and FR8, respectively. The significant carbon stock 
in FP is also noteworthy, representing an average of 34% of 
the accumulated C. Studies in Eucalyptus sp. with ages of 
20, 44 and 240 months indicated carbon stocks in the litter 
biomass of approximately 2,170, 3,940 and 8,070 kg ha-1 of 
C, respectively (Wink et al., 2013). In a Urograndis eucalyptus 
cultivation under rotation effect in China, the proportional 
C contribution of the litter for the total C stock of the system 
increased in the second rotation. This indicates an age and 
rotation interaction effect on the C accumulation in the litter 
(Li et al., 2015), even if, in that case, the implantation of the 
second rotation succeeded after burning the residue from 
the previous cycle. In the present study, the magnitude of 
the C accumulation effects on the plots were much higher 

Table 4. Quality indices of the litter fractions of the E. grandis stand in the first and second rotations in Northern Rio de Janeiro, Brazil.

WL

C/N C/P Lig/N lig+Cel/N

SR2 52 3,193 22 42

R5 37 1,600 16 29

FR8 49 1,657 23 49
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WL

C/N C/P Lig/N lig+Cel/N

FP

SR2 42 1,216 26 38

R5 41 3,300 24 34

FR8 34 1,230 21 42

TB

SR2 99 2,833 75 141

R5 102 4,390 84 142

FR8 92 3,533 91 149

B

SR2 94 3,100 42 106

R5 106 3,764 57 127

FR8 104 2,913 58 143

RS

SR2 42 1,034 38 53

R5 49 2,582 31 50

FR8 49 1,306 37 71
WL: whole leaves; TB: twigs/branches; FP: fragmented pieces; RS: reproductive structures; B: bark; SR2: second rotation after 1.5 years; R5: second rotation after 5 
years; FR8: the first rotation; C: carbon; Cel: cellulose; Lig: lignin; N: nitrogen; P: phosphorus.

fraction. The fragmented leaves presented higher lignin 
concentration than the whole leaves, which may limit the 
continuity of the decomposition process at this stage. 

Due to the lower values of the C/N and L/N quality indices, 
the WL and FP fractions have high recycling potential of 
organic matter and nutrients.
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