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ARTICLE INFO ABSTRACT

Article history: Background: The litter stock and decomposition are influenced by climate variables and
Received 19 September 2016 have been considered an important nutrient input in tropical areas. Objective: This
Accepted 10 December 2016 research aimed to evaluate the stock, litter decomposition and their interactions with the
Published 31 December 2016 microclimate variables in two Cerrado phytophysionomies (Cerrado stricto sensu and

Gallery Forest) and a Eucalyptus urophylla x E. grandis hybrid population in Agua
Limpa Farm of the University of Brasilia in Distrito Federal, Brazil. Results: The

Keywords: annual averages of the litter stock were 8.05 t ha in the Cerrado stricto sensu, 11.41 t
Cerrado stricto sensu biome; planted ha! for the Gallery Forest and 10.96 t ha™ for the Eucalyptus urophylla x E. grandis
forest; litter. hybrid population. It was verified seasonal patterns in litter stock: for the Cerrado

stricto sensu were obtained the greater stock and there was no significant difference
between the dry and the rainy season; for the Gallery Forest, the litter stock was
superior during the rainy season and the opposite result was observed to Eucalyptus
population. Concerning the decomposition rate, the constants k were 0.0007, 0.0007
and 0.0009, with decomposition time of 50 % of the material estimated in 2.7, 2.7 and
2.1 years to Cerrado stricto sensu, Gallery Forest and Eucalyptus urophylla x E. grandis
hybrid population, respectively. Conclusion: The litter presented a low decomposition
rate, especially for natural habitats (Cerrado sensu stricto and Forest Gallery), which
suggests that the floristic composition in these environments is more recalcitrant and, as
a consequence, it would take almost three years for this biomass be transformed and/or
mineralized in 50 %.

INTRODUCTION

Brazilian territory has around 53.56 % of its area covered by natural forests and 0.84 % by planted forests
(ABRAF, 2013). Eucalypt plantation is the most important forest plantation in Brazil, covering approximately
6.5 million hectares and is the source of almost 5 million direct and indirect employments (ABRAF, 2013).
Another important forest formation is Cerrado stricto sensu area, composed by natural forest and savannah
formation and located under the tropical climate. Several vegetation types are components of the Cerrado stricto
sensu, (Silva et al., 2007). Among those types, on the Cerrado stricto sensu predominates tree and shrub
vegetation, covering from 20 % to 50 % of the biome. Another important region vegetation type is the Gallery
Forest, which is a forestry formation along of watercourse. This type of vegetation presents an important
ecologic and hydrological function, since it protects the boarders of the rivers, avoiding slitting and assures the
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quality and quantity of water on the rivers (Ribeiro and Walter, 2008). Both natural and/or planted forests are
important source of forest products in Brazil and their sustainability is related to the litter stock and nutrient
cycling across the years (Campos et al., 2008).

In this context, during their growth, trees from different vegetation perform an important role on organic
matter production formed in the soil by litter stock and decomposition (Richard et al., 2010) The litter consists
of organic residues deposited on the soil, mainly originated by plant, such as leaves, twigs, flowers, branches,
seed, bark, fruits, and a lower proportion of animal origin materials such as animal carcass dead and excrements.
The litter stock may vary during the year, in function of vegetation type, stand age, water precipitation,
temperature, topography, latitude, besides other factors (Vieira et al., 2009; Vieira and Schumacher, 2011;
Skorupa et al., 2015; Villa et al., 2016). Furthermore, it also improves the physical capacity of the soil and
contributes with the nutrient cycling, being the main route for nutrient input in the soil (Cunha-Neto et al.,
2013).

According to Schumacher et al. (2013), the litter production is associated with the material of deposition
over the forest soils and its stock is directly connected to the production and inversely proportional to the
decomposition rates. The litter decomposition is resulted by the breakdown of organic material deposed over the
soil and occurs due the leaching, fragmentation and chemical change of these materials. Some factors, such as
the climate, litter quality and microorganism composition are needed for this process. The soil microorganisms
are responsible for the degradation of the organic material and normally use 5 % of the soil volume available
(Samai and Benslama, 2015). The temperature and the precipitation are the climatic factors that most affect the
rotten process and may vary between the regions.

As the litter stock and decomposition are important factor that contributes to nutrient cycling and it may
vary in function of vegetation types, this research aimed to evaluate the litter stock accumulated over the soil
and litter decomposition, as well as their relationship with climatic variables in two vegetation types (Cerrado
stricto sensu and Gallery Forest) and in a Eucalyptus urophylla x E. grandis hybrid population in Agua Limpa
Farm, in Distrito Federal, Brazil.

MATERIAL AND METHODS

Study area:

The study region is located at the Agua Limpa Farm (ALF) of the University of Brasilia, under the
coordinates 15°31'S and 47°42'W, Distrito Federal. The ALF area measures 4,340 ha, from which 2,340 ha (54
% of the total area) are designed for preservation, 800 ha to conservation (18 %) and 1,200 ha (28 %) to
agriculture and forestry production. The climate in the region is Aw, according to the Kdppen classification,
with two seasons: dry, between May and September, and rainy, between October and April. The annual
temperature average is 20.62 °C and the annual rainfall is 1,526.82 mm, according to data provided by the
Climatological Automatic Station from University of Brasilia (Figure 1). According to the Brazilian System for
Soil Classification, the soil is classified as Dystrophic Red Latosol (Oxisol).
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Fig. 1: Rainfall (mm) and air temperature (C°) from October 2014 to October 2015 at the Agua Limpa Farm,
Distrito Federal, Brazil.
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The study was conducted in areas of Cerrado stricto sensu, Gallery Forest and 1224 clonal population
(hybrid of Eucalyptus urophylla x Eucalyptus grandis). The seedlings were planted spacing 3 x 2 m on
December 2010. To the soil prepare was used a trencher agriculture without side fins, using only subsoiling rod
(40-50 cm). The fertilizer applied was: 100 g of superphosphate + 100 g NPK (4-30-16), after 30 days of
planting the topdressing was carried out with 100g of NPK (20-0-20).

Data sampling:

To quantify the litter stock on each area four samples were collected. Therefore, it was used as a collector a
square metallic template measuring 0.5 x 0.5 m (0.25 m?), randomly disposed with a minimum distance of 5 m
between the plots sampled. The sampling was performed in places where topographical conditions were similar
and a minimum distance of 20 m of roads and firebreaks, to avoid possible board effects over the litter stock.

Regarding the litter decomposition analysis, in each area were distributed randomly on the forest floor 144
litterbags made with nylon mesh of 2 mm 20 x 30 cm and containing 20 g of dry litter collected from the own
area study. Every month, the litter stock and four litterbags were collected from each area during the period
October 2014 to September 2015

The litter was packaged in a labeled paper bags, sealed and taken to the laboratory to obtain the wet weight
of the material and then were dried for 72 hours in a forced circulation air oven at 65 ° C until constant weight..
Subsequently, the dry biomass of the stock was extrapolated for hectare.

Data processing:

The dry weight stock of the litter were determined (t ha') from the averages of the four sample plots of
each studied area, Data from the litter stock were submitted to the analysis of variance (ANOVA), the averages
of the data were compared by the Tukey test (p < 0.01), using the SISVAR software, 5.6 version aiming to
identify possible differences between the environments for the dry and rainy seasons.

To calculate the decomposition rate (k), we used the following exponential model, as described by Olson
(1963):

y=AeX

In which, y is the remaining dry weight quantity (g), after a period, where t represents time in days; A is the
constant, k is the decomposition constant, both obtained by the Sigma Plot Software for Windows 12.5, through
data regarding litter contained in the litterbags during 360 days. Another useful characteristic to evaluate the
plant material decomposition is the half-life time which express the necessary period for half of the waste to
decompose or half of the nutrients contained in these wastes to be liberated. According to Rezende et al. (1999)
it is possible to calculate the half-life period by the equation:

tuz = In (2) / k = 0,693/k

In which ty is the half-life period of the remaining matter; In (2) is the constant value; and k is the
decomposition constant.

Data regarding litter biomass (stocked and decomposed) and climate data from the region, provided by the
Automatic Climatologic Station from University of Brasilia (average temperature and rainfall), and the moisture
content were submitted to the Pearson Correlation statistical analysis, according to the Student “t” test, aiming
to find associations between those variables.

RESULTS AND DISCUSSION

Litter stock:

The monthly stock of litter was higher on August of 2015, for the Cerrado stricto sensu and the eucalypt
plantation, with 10.95 and 14.45 t ha*, respectively. For the Gallery Forest, the higher litter stock occurred on
November of 2014, with 17.33 t ha! (Figure 2). When comparing the litter stock among the three vegetation
types, the Gallery Forest was statistically higher during the four rainy months (Figure 1). This result may be a
reflection of the beginning of the growing season, period in which the foliage of the tree canopy is renewed and
that coincides with the rainy season, resulting in a higher soil water availability and high temperatures. Vital et
al. (2004), in study in a riparian forest found the peak of litter production during the rainy period and according
to these authors it might be due the stronger winds, which contributed to the deposition of this material.

During the dry season, in July and September 2015, higher litter stock was observed at the Eucalyptus stand
compared to the other areas. It might be due to reduction of transpiration rate by leaves fall after decreased of
water availability.
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Fig. 2: Litter stock from October 2014 to September 2015 in three vegetation types on Agua Limpa Farm,
Distrito Federal, Brazil. (Standard deviation = 4 replicates)

Concerning to seasonality, the litter stock in Cerrado stricto sensu showed no significant differences
between the rainy and dry season, with 7.5 and 8.59 t ha!, respectively. In the Gallery Forest, the largest stock
occurred in the rainy season with 12.92 t ha’, statistically different from the dry season with 9.90 t ha. The
opposite occurred for Eucalyptus population, with 9.20 and 12.73 t ha, during the rainy and dry season,
respectively.

The litter stock observed on the Cerrado stricto sensu area in this study was above from what was verified
in a Cerrado stricto sensu area in Curvelo - Minas Gerais, Brazil - (6.46 t ha?) (Paiva et al., 2011). In a Cerrado
stricto sensu area in Brasilia, Ribeiro et al. (2011) verified a litter stock of 7.11 t ha™?, similar to the results found
in this research. Maman et al. (2007) on the southwest of Mato Grosso, observed that the litter stock of the
Cerrado stricto sensu was 9.41 t ha' and 12.89 t ha* on the Gallery Forest. Those differences between the litter
stocks might be related to the floristic composition on the Cerrado stricto sensu formations. According to
Ribeiro and Walter (2008), on Forest Galleries, the arboreal extract height varies from 20 m to 30 m, where the
crowns overlap each other, providing tree coverage of 70 % to 95 % of area. As for the Typical Cerrado stricto
sensu, tree and shrubs predominate the phytophysionomy, with heights around 3 m to 6 m and arboreal coverage
from 20 % to 50 % of area.

As for planted forest, in a investigation conducted to assess cycling and nutrient balance in the same stand
of Eucalyptus in the Agua Limpa Farm, Gatto et al. (2014) found a litter stock of 7.18 t ha'l. The difference of
3,78 tha* found in this study, when compared to the study of the same author may be related to the change of
time for which the data were collected.

The annual litter stock verified on the eucalypt stand was lower than that observed in other studies. In
Eucalyptus grandis x E. urophylla populations at the age of six year-old and arrangement of 3 m x 2 m in
Paraiba do Sul river valley, Melos et al. (2010), found 11.9 t ha* of litter stock. Cunha-Neto et al. (2013) found
litter stock of 8.83 t ha™* in Atlantic Forest for trees at the age of 3,5 years and 13.42 t ha™ for trees at the age of
4,5 years in Eucalyptus grandis stand with a 2,5 m x 2 m arrangement, in Além Paraiba town, Minas Gerais,
Brazil. It’s important noteworthy that all those previous cited studies were conducted in areas with higher
precipitation regime compared to this research area.

Litter decomposition:

The exponential mathematical model that describes the litter decomposition on the studied areas of the
Agua Limpa Farm is presented on Figure 3. The exponential curves of the decomposition (y) have adjusted well
to the model, presenting regression index of 0.97 in natural forests and 0.95 in the planted forest (p<0.01)
(Figure 3). The rate of decomposition (k) were 0.0007, 0.0007 and 0.0009 and the time of 50 % of the decay of
the material estimated in 2.7, 2.7 and 2.1 years for the Cerrado stricto sensu, Gallery Forest and Eucalyptus
stand, respectively.



78 Jocemara Viana de Souza et al, 2016

Australian Journal of Basic and Applied Sciences, 10(18) December 2016, Pages: 74-81

e - Cerrado stricto sensu vy~ 19.2041¢ """
\ Gallery Florest y=19.1685¢ """
e Euicalyptus urograndis  y=18.7230¢ """

/

Mass remaining (g)

T T T T T T
0 60 120 180 240 300 360
Time (days)

Fig. 3: Litter decomposition curve in three vegetation types on Agua Limpa Farm, Distrito Federal, Brazil.

Usually, the value of the litter stock is not only resulted by the accumulation of litter on the forest soil
(Figure 2), but also to the low decomposition constant (Figure 3). Under different conditions, those formations
vary from 0.002 to 0.74 (Cianciaruso et al., 2006; Diniz et al., 2011; Viera et al., 2014).

The remaining mass of litter, after 360 days of sampling, were 76.4 %, 76.75 % and 69.9 % for Cerrado
stricto sensu, Gallery Forest and Eucalyptus stand, respectively. Gidcomo et al. (2012) found a decomposition
rate of 16 % and 19.7 % in a Cerrado stricto sensu area during 30 and 60 days, and by the end of the experiment,
at 210 days, the remaining mass was 44.5 %. The higher loss of mass, in this case, might be related to the size of
the litterbag mash, which, due to its greater size, provides a better interaction with the soil fauna. Valenti et al.
(2008) found similar results in a Cerrado sensu stricto area with a remaining mass of 78 %, by the end of twelve
months.

The Forest Gallery, as well as the Cerrado stricto sensu, presented a greater remaining mass (Figure 3),
different result found by Maman et al. (2007) while studying a Forest Gallery in Mato Groso (Brazil) southwest
region for 11 months. These authors observed a mass loss of 22 % at the end of the period. On the eucalypt
population, the remaining mass was above the mass found by Vieira et al. (2014) in an experiment developed in
a hybrid plantation of Eucalyptus urophylla x Eucalyptus globulus in Eldorado do Sul (Rio Grande do Sul,
Brazil), in which 63 % of remaining mass was found in a year period.

Around 50 % of the litter was decomposed on the first trimester of the year (Figure 3). During the release
on the initial phases of the decomposition, occurs the fragmentation of the particles caused by physical agents,
soil biota which releases more soluble compounds such as sugars, starches and proteins, which are quickly used
by the decomposers. After this period, most of the recalcitrant structures composed by lignin, cellulose, fats,
tannins and waxes, such as ribs and petiole, decrease the speed of the decomposition (Viera et al., 2014;
Carvalho et al., 2009). Costa et al. (2005), while studying the nutrient release from leaf litter in Eucalyptus
grandis populations, reported that greater litter decomposition, around 30 %, also occurred on the first trimester
of the year.

The Eucalyptus stand plantation showed the most adverse behavior related to the decomposition rate and it
might be due the structure composition of the leaves. Silva et al. (2014) found a small loss of mass on native
plantations, which might be associated to the higher amounts of lignin, an organic fraction more resistant. As for
the planted forests, the greater mass loss occurred on the first two months of the year, on the other months, the
value observed became stable.

Relation between the litter and the climatic variables:

The Pearson correlations between the climatic variables (temperature, rainfall and moisture content) and the
litter (stock and decomposition) on the environments studied are described on Table 1. Generally, there were 61
% of significant correlations at 1% and 5% of probability. The Cerrado stricto sensu presented more correlations
between the variables, for litter stock and decomposition. Regarding to the litter stock, negative correlation was
found between water content and rainfall in this ecosystem. Campos et al.(2008) and Cianciaruso et al.(2006)
also observed significant and negative correlations between the litter availableness and the rainfall, in a
mesophytic forest and Cerrado stricto sensu in Uberlandia (Minas Gerais, Brazil) and in a different type of
Cerrado (Cerraddo) in the region of Jatai. Similar to this study, Santos-Neto et al. (2015), while analyzing
Pterogyne nitens and Eucalyptus urophylla in the Southwest region of Bahia (Brazil), verified a positive
correlation between the rainfall and amount of litter deposed.
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Table 1: Pearson’s correlation among the climatic variables in relation to litter stock and decomposition in three physiognomies on Agua
Limpa Farm, Distrito Federal, Brazil.

Litter Stock Moisture content Air Temperature Rainfall
Cerrado stricto sensu -0.279™ 0.056 "™ -0.381"
Gallery Forest 0.365" 0.276 ™ 0.027 "
Eucalyptus -0.155 ™ 0.046 ™ -0.403"
Mass remaining Moisture content Air Temperature Rainfall
Cerrado stricto sensu 0.385" 0.369" 0.741"
Gallery Forest 0.323™ 0.200 ™ 0.708"
Eucalyptus 0.086 ™ 0.423" 0.739"

ns = non-significant, * significant at 5%; ** significant at 1 % of probability by the Student t test.

We could observed in this experiment that several factors can affect the quantity of shoot tree parts that
form the litter, as climatic factor, litter quality and microorganism composition. Selle (2007) affirms that despite
the climatic factors, the production and deposition of litter might be also related to the soil proprieties and the
genetic characteristics of the species. On a wider scale, the vegetal biomass is determined by the distribution of
the rainfalls, which influences the availableness of water on the soil. According to Vital et al. (2004), the
seasonal variation of the litter deposition is a result of interaction between vegetation and the climate. Viera and
Schumacher (2010) also verified a high correlation between the rainfall and litter quantity deposed during a
study performed in a eucalypt stand.

Furthermore, the litter decomposition might be explained by the rainfall interactions, as observed on Table
1. On the natural environments (Cerrado sensu stricto and Forest Gallery), there was a significant correlation
between the decomposition and moisture content and it might be explained by the capacity of the forests to
retain water on the soil. Miranda Neto et al. (2015) observed in a mined area submitted to the restoration process
that the highest decomposition rate occurs during the rainy period.

The air temperature also influenced the decomposition of the Cerrado sensu stricto and eucalypt plantation.
It’s important noteworthy that the fact of the air temperature was not correlated to the Gallery Forest might be
explained by the arboreal extract, where the crowns are overlapped. Such coverage is responsible for
maintaining the elevated relative humidity inside the forest, even during the dryer season of the year (Ribeiro
and Walter, 2008).

Nowadays, there are still scarce information about litter stock and decomposition rate and the relationship
between climate variables and vegetation types in Brazil. Our study confirms that the seasonality has great
influence on the litter decomposition process, mainly the precipitation rate, in both natural and planted forests.

Conclusion

From the studied areas, the higher annual litter stock (11.41 t ha') was found on the Forest Gallery.
Regarding seasonality, in the Forest Gallery, the largest stock occurred in the rainy season and for the
Eucalyptus stand was higher during the dry season. In the Cerrado sensu stricto the seasonal pattern did not
present significant differences between seasons. Still concerning the seasonality, with the exception of the
Gallery Forest, the litter stock had negative correlation with rainfall and moisture content.

The litter presented a low decomposition rate, especially for natural habitats (Cerrado sensu stricto and
Forest Gallery), which suggests that the floristic composition in these environments is more recalcitrant and, as
a consequence, it would take almost three years for this biomass be transformed and/or mineralized in 50 %.
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