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Abstract

I studied litter quality and forest floor morphology to asses the effects of Eucalyptus and Pinus plantation on nutrient cycling in cerradão
 natural forest.

Eucalyptus and Pinus plantations have rapidly spread in tropical developing countries in the last two decades. Because their potential as carbon sinks, they have been used as a mitigation option tool. However, there are concerns about the impacts of those exotic, rapid grow species on water, soils and biodiversity.
My results show than Eucalyptus and Pinus plantation affects forest floor composition (nutrient contents and estequiometry) and structure (layers morphology), as well as litter and soil carbon stocks. In 30 years, it leaded to litter quality losses, with higher C:N and lower N, P 
and bases content than those in native forest. It also promoted the formation of soil organic layers and moder/mor type humus.
Reported quality loses may lead to organic matter depletions and resource diminution to decomposers, which may in turn affects nutrient cycling. Some cheap, simple management practices can promote health in plantations, such as to allow the natural regrowth of understory vegetation, which almost avoid threats to biodiversity and adubation demands.
Key words: litter C, N, P, tropical, forest floor, cerradão, cerrado
Quality alterations – implications:

- tempos de permanência e ciclagem de elementos
- fertilidade do solo/sustentabilidade dos plantios

- diminuição de recursos para outros níveis tróficos

Quantity alterations– implications:

- Higher material (carbon) accumulation and residence time

Introduction
I studied litter quality, forest floor morphology and soil surface carbon stocks to asses the effects of Eucalyptus and Pinus plantation on nutrient cycling in cerradão natural forest.

- Why to study the forest floor? Cause it is related w/ nutrient cycling and forest sustainability
- Why Eucalyptus and Pinus concern? 
- Why in Brazil?

- Hipóteses / predições

Why Eucalyptus and Pinus plantation concern?

“Eucalyptus and Pinus plantations have rapidly spread in tropical developing countries in the last two decades (REF). Because their potential as carbon sinks, they have been used as a mitigation option tool (REF IPCC). However, there are concerns about the impacts of those exotic, rapid grow species on water, soils and biodiversity (REF)”

Eucalyptus and Pinus are high nutrient use efficient species (REFS Delitti). They successfully grow in acidic, low fertility soils (REF), reaching considerable biomass (Delitti, ano?).  Therefore, Eucalyptus and Pinus plantations are potential sinks of carbon (REF IPCC?) and they are appointed as a useful mitigation option (REF - IPCC, Ano??). For these reason, they have been appointed as potential tool for development in emerging countries as India and Brazil (REF).

However, there are concerns about the socio-environmental impacts of those plantations (REF). Negative effects in water resources (Ref), soil properties (ref) losses of biodiversity (Ref) and social exclusion (Ref) are reported, as well as alterations on chemical quality parameters (REFs Lilinfein e tudo isso Neudlfeldt??).

Why in Brazil?

Silviculture is a relevant activity in Brazil, responsible for ??? % PIB. Brazilian forestry is modern ???????
Why to study the forest floor?

Litter is an important functional component of terrestrial ecosystems, especially in tropical forests, where nutrients pool are scarce into the soil.

It reflects nutrient cycling as it is sensitive to forest management and it has effects in other components of the ecosystem

Forest floor can be study to asses nutrient cycling changes (under Eucalyptus and Pinus plantation) because it is sensitive to forest management, it has effects in other components of the ecosystem (vegetation, decomposers community) and they can be studied using simple, spread use methods.

Forest floor is the result of litter inputs/outputs dynamics 

Forest floor study can be use to

is useful as impact measure tool 
because they are sensitive to forest management, they have effects in other components of the ecosystem and they can be studied using simple methods.

Litter nutrient contents alterations, forest floor layer formation and higher carbon stocks has been found in Southeastearn Brazilian Eucalyptus and Pinus plantations compared with native wooded-savannas (Lilinfein?, Maquere, Paul … ) – PORQUE FAZER ESTE TRABALHO ENTAO??
Explicar porque espero q estequiometric alterations occur (C:N, C:P and N:P)!!!!

Objetivo, predições:
To asses the effects of Eucalyptus and Pinus plantation on nutrient cycling in areas of original Brazilian dry seasonal forest (cerradão), I studied litter quality and forest floor morphology in Eucalyptus and Pinus stands and in native cerradão forest at four locations in SE Brazil.
I expected to found chemical quality depletions under intensive forest management, as well as organic carbon accumulation on soil surface and forest floor and I wanted to determine at how extent those changes occur.

PHP. 

P: To know Does Eucalyptus and Pinus plantations affect nutrient cycling in wooded-savannas?? to how extent?
Hypothesis and predictions

I hypothesize than Eucalyptus and Pinus plantations affect nutrient cycling in wooded-savannas, leading to enhanced soil carbon accumulation, but also to organic matter quality depletions. (quantity & quality) 

Predictions:
I expected stronger differences under Pinus than Eucalyptus plantations when compared with Brazilian wooded-savanna forest.

I expected to found that:
1) Litter chemical parameters are affected by forestry, with differential responses between elements (being N, P, Ca and Mg contents the most affected variables: lower) – PCA

2) Stoichiometry alterations, with higher C:N, C:P and lower N:P - ANOVA, glm
3) Organic layers formation - description

4) Higher litter and soil surface C stocks in plantations than in natural forests – ANOVA, glm

Nao há info na intro que induça a pensar nada disso!!

Material and methods

Study sites

We collected at four locations in the State of Sao Paulo, SE Brazil. They are approximately 100 km apart, located in the Luiz Antônio (LZ), Mogi-Guaçú (MG), Pederneiras (PD) and Itirapina (IT) districts. At each location, we studied Eucalyptus and Pinus stands of similar ages as well as the nearest natural forest patches, which were considered to be the control areas (maximum distance < 5 km in Pederneiras). Thus, we defined 12 plots based on location and forest type.

Climate is characterized as tropical type II (Walter, 1986). Climatic conditions are similar among sites (Table 1). Rainfall is concentrated from October to March; and thus, there is a dry winter season between June and September when water demand exceeds water availability and moisture defines litter production, deposition, decomposition and other ecosystem process. High weathering and laterization as main soil formation process leads to poor, acidic soils with predominance of low activity clays (Table 2).

Table 1. Study sites characterization 1. Coordinates location, altitude and slope range, mean annual temperature (MAT) and precipitation (MAP) in four locations in SE Brazil (LZ: Luiz Antônio, MG: Mogi-Guaçú, PD: Pederneiras and IT: Itirapina).

	Site
	Coordinates
	Altitude (m)
	Slope (º)
	MAT (ºC) 
	MAP (mm.year-1)

	LZ
	21º61´S;47º75´W
	550 – 851
	2 – 3
	22.9
	1420

	MG
	22º24´S;47º15´W
	600 – 730
	2 – 7
	20.8
	1547

	PD
	22º34´S;48º89´W
	500 – 539
	2 – 4
	20.9
	1262

	IT
	22º19´S;47º94´W
	700 – 827
	3 – 5
	19.7
	1346


Table 2. Study sites characterization 2. Soil type (Soil Survey Staff, 2005) and clay percent in four locations in SE Brazil (LZ: Luiz Antônio, MG: Mogi-Guaçú, PD: Pederneiras and IT: Itirapina).

	Site
	Soil type
	Clay

	LZ
	Oxisols (Humic Rhodic Haplustox)
	59%

	MG
	Inceptisols (Oxic Dystrustepts)
	25%

	PD
	Inceptisols (Oxic Dystrustepts)
	15%

	IT
	Entisols (Ustic Quartzipsamments)
	11%


The original Cerrado landscape consisted of grassland, savanna and dry seasonal forest patches. Control areas were located in remnants of Brazilian dry seasonal forest (cerradão). They are characterized by closed canopies approximately 20-m tall. Leguminosae, Myrtaceae, Melastomataceae and Rubiaceae are the most represented families. There are no clear species dominance patterns, but some common species well-represented in the four sites are as follows: Anadenanthera falcata, Aspidosperma tormentosum, Qualea grandiflora, Qualea multiflora and Roupala Montana.
All study stands are older than 30 years. They were planted in 1962, 1965, 1966, 1969 and 1972. Natural vegetation was first cleared, and after slash and burn of the original forest, a heavy disk plow was used to open seedling lines (~20-cm depth). Trees were planted manually. The used species were Pinus elliottii and Eucalyptus citriodora with the exception of the Itirapina site were E. saligna was the planted Eucalyptus species. No fertilizer or lime had ever been used at the sites. After 7-8 years of growth, 35% of trees are normally clear cut, which permits tree diameter to increase. The studied stands were clear cut about 5 times before the experimental work was performed. At sampling time, the stands had closed canopies approximately 30-m tall. 

Mean basal area values ranged from 21 to 44 m2.ha-1 in the planted stands and from 23 to 43 m-2.ha-1 in the native forests. Vegetation densities (299 to 786 trees.ha-1 in plantations and 1,200 to 1,600 trees.ha-1 in native forests) and diameter distributions (70% of trees were smaller than 10-cm diameter breast height in native forest) showed structural differences between natural and planted areas. Neither planted nor natural sites had been burnt in the last three decades. 

Experimental approach
Experimental design

I collected litter and forest floor samples in Eucalyptus, Pinus stands and native Cerrado forests in 4 locations. I used a randomize block sampling design, working at twelve twelfth sites (plots) defined by three forest types (treatments) and four locations (blocks). I collected thirty samples per plot; therefore I have replication inside the blocks, which is strongly recommended when differences between blocks may be strong (Potvin, 1993), as could be the present case.
Sampling and chemical analysis
Collection was performed in 2004 at the end of the dry season during the maximum litter accumulation period. Forest floor samples were collected using a 25-cm2 metal frame. All material was collected, including not only litter, but also fibric and humic horizons when present. Samples were oven dried to constant weight and ground for chemical analysis. C and N were determined by wet combustion (EMBRAPA, 1999) of 360 samples.  Y los Metodos de determinacion quimica para P, Ca, Mg, K?? Ponerlos!!!!!!!!
Data (OR statistical) Analysis
To asses changes in nutrient cycling promoted by intensive forest management in SE Brazilian wooded-savannas, I had compared Eucalyptus and Pinus stands with Cerrado native forest, considered as control. First, I used Principal Component Analysis (with Euclidean distance and UPGM linkage algorithm) to a primer evaluation of litter chemical quality status in Eucalyptus and Pinus plantations and in Cerrado native forest. Then, I used General Linear Models to asses the effects of forest type (fix factor) and location (random factor) in 7 variables related to litter chemical quality: C:N, C:P, N, P, Ca and Mg contents (mg.g-1), litter content (kg.m-2) and C stocks (kg.m-2). Confere unidades!!  I used the AIC criteria to evaluate the interaction term significance (Crawley, 2002).
Methods ANOVA/Kruskal
Homogenity of variance was tested using Q-Q plot visual evaluation and Shapiro-Wilk test (modified by Mahibbur and Govindarajulu, 1997). The Levene test was used to test homogeneity of variances (homocedasticity), visual evaluation to evaluate significance of interaction terms and Kruskal Wallis to test significant differences among treatments (INFOSTAT _ Manual del usuario? Eu acho q un livro d estatistica seria melhor!). Analysis were performed using INFOSTAT (Ref)

Results

DECIDIR: FOREST/VEGETATION TYPES AND COMPONENT/AXIS (PCA)

CONFERIR: Eucalyptus, Pinus, Cerrado EM ITÁLICO E Cerrado COM MAIÚSCUL
Eucalyptus and Pinus forestry affects forest floor:

composition (nutrient contents: C, N, C:N, Ca, Mg, mais,…? )

and structure (layers morphology, litter accumulation (layering?) and moder/mor humus formation)

Figure 1. PCA. Copiar da tese título y gráfico!
Figura 2. Boxplots??. Litter C and N contents according forest type (cer, euc pi  in 4 sites. and C:N expressed as a line ???

Table 2. GLM results

I expected to found that:

1) Litter chemical parameters are affected by forestry, with differential responses between elements (being N, P, Ca and Mg contents the most affected variables: lower) – PCA

2) Stoichiometry alterations, with higher C:N, C:P and lower N:P - ANOVA, glm

3) Organic layers formation - description

4) Higher litter and soil surface C stocks in plantations than in natural forests – ANOVA, glm

1) Which nutrients differs the most between native forests and plantations?

2) At what extent estequiometric alterations occur (C:N, C:P and N:P)
3) What type of organic layers is formed in Southeaster Brazilian stands

4) How much higher the C stocks are in plantations than in natural forests

1. How litter chemical parameters are affected by forestry? 1.a) Which are the most affected nutrients and 1.b) at what extent alterations among native forests and plantations on litter nutrient content occurs?
PCA – variables: pH, Corg, N, P, K, Ca, Mg, S

More than 55% of the litter dataset variation was explained by litter chemical parameters through Principal Component Analyses. The first component (CP1) explained 40.45% of the dataset variation and it was mostly defined by Mg, pH, N, Ca, Corg and K values. The second component (CP2) explained 15.3% of the dataset variation and it was mostly defined by P, S and K values (Figure PCA). The contribution of each of those variables to the both axis is reported in TableXX. PONHO ESSA TABELA? EU ACHO Q NAO!
Vegetation types were discriminated by the first component of the PCA. Litter had higher Mg, pH, N, Ca, and K values and lower Corg values on native Cerrado forest than on Eucalyptus and Pinus plantations. The second component did not discriminate vegetation types (Figure PCA).
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Figure PCA. Litter of three forest types (Cerrado natural forest, Eucalyptus and Pinus plantations) according their chemical quality parameters. Data sets from four locations representing a meso-regional scale in Southeastern Brazil. The first axis of the Principal Component Analysis (CP1) discriminates natural forest and plantations.

MANOVA

MANOVA indicated significant differences in litter macronutrient content (Mg, N, Ca, K, S, P and Corg) among forest types, discriminating Cerrado, Eucalyptus and Pinus as three different groups (Table MANOVA).
Exploring variablesseparately (ANOVA/Kreuskal/Boxplots…):
Since the first axis of the PCA discriminated native forest from Eucalyptus and Pinus plantations, I explored separately those variables that explain the axis: Mg, N, Ca, K and Corg. Data sets lack normality and homogeneity of variances (homocedasticity), but they had independence of XXXX PRESSUPOSTOS KRUSKAL. Visual evaluation indicated no significant interaction terms. Therefore; I tested significant differences on litter nutrient contents among forest types using Kruskal Wallis
, a no parametric analysis of variance.

Nitrogen and Mg
Natural forest had significant higher N content than plantations, but there were no differences on litter N content among Eucalyptus and Pinus plantations.

Differences on litter Mg content according forest type were significant, with higher values on Cerrado forest, medium on Eucalyptus and lower on Pinus plantations.

(Table KW // Figure Boxplot NMg). There were no consistent differences on litter Ca, K and Corg among forest types (Figure Boxplot CaKCorg). 

Eucalyptus and Pinus forestry leaded to mean N losses of 0.545 (0.485 to 0.605) mg.g-1 

Eucalyptus forestry leaded to mean Mg losses of 0.06 (0.03 to 0.09) mg.g-1 and Pinus forestry to mean Mg losses of 0.08 (0.05 to 0.11) mg.g-1. 
Table KW. Kruskal Wallis results for litter Mg and N contents as function of forest type in Southeastern Brazil. For each variable, treatments with the same letter are no different at 0.01 level.

	Variable
	Treatment
	n
	Mean
	sd
	Median
	p≤0.01
	H

	Mg
	Cerrado
	121
	0.13
	0.04
	0.13
	a
	273.697

	
	Eucalyptus
	120
	0.07
	0.01
	0.07
	b
	

	
	Pinus
	122
	0.05
	0.01
	0.05
	c
	

	N
	Cerrado
	121
	1.18
	0.17
	1.21
	a
	238.172

	
	Eucalyptus
	120
	0.64
	0.10
	0.65
	b
	

	
	Pinus
	122
	0.63
	0.12
	0.64
	b
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Figure Boxplot. Litter Nitrogen and Magnesium contents (mg.g-1) as function of forest type (Cerrado native forest, Eucalyptus and Pinus plantations) at four South-eastern Brazil locations. Each box denotes the median and the interquartile ranges for a given category, means are also indicated. For each variable, letters denote significant differences at 0.05 level (LSD, Least Significant Differences). 
Falta homocedasticidade em N e MG!

OPÇÕES: 1) posso falar discriminate ao invest de significantly differs e cagar pro ANOVA pois n cumpro os pressupostos, 2) posso transformar os dados e testar novamente os pressupostos, 3) posso usar Kruskal Wallis

A despeito do ANOVA n ser confiável pela falta de homocedasticidade, as diferenças entre tipos de vegetação são muito evidentes!!

POR ENQUANTO OPTEI POR SOLUÇÃO 3

EXPLORANDO Ca, K e Corg
(LEMBRA DE LEVAR EM CONTA RESULTADOS D Corg AO DISCUTIR Cstocks!)

The differences on litter Corg, Ca and K were no consistently different among forest types.
No entanto, Kruskal Wallis indica diferencas significativas em funçao de todas elas!!
K: PI < EU = CE 

Ca: PI ~ EU < CE

Corg: CE < PI ~ EU

REVER BOXPLOTS!

NÃO EXPLOREI NORMALIDADE NEM HOMOCEDASTICIDADE 
ANOVA type? – Will be better to use glm? Difficult to understand in INFOSTAT!

Local * Random

Vegetation*Fix
2) Stoichiometry alterations, with higher C:N, C:P and lower N:P - ANOVA, glm

3) Organic layers formation - description

Forest floor layers under the native Cerrado forest consisted of fresh litter (Oi horizon) with discontinuous points of humified material at waterlogged spots. Similar conditions were found in Eucalyptus citriodora stands. I observed a thick organic layer in the Eucalyptus saligna stand, which was formed from fresh litter (Oi), fragmented debris (Oe) and a dark color layer containing decomposed organic materials (Oa). Despite the sharpness of the transition between the organic and the A mineral horizon, this forest floor type can be considered a moder horizon because of its structure and morphological characteristics (Ponge, 2003). I also found clear forest floor layering under Pinus elliottii. Recognizable horizons were formed by freshly fallen (Oi horizon) and fragmented needles (Oe horizon). Humified material was scarce, and the transition between organic and A mineral horizons sharp; thus, these horizons are considered mor type according to Ponge’s (2003) criteria.
4) Higher litter and soil surface C stocks in plantations than in natural forests – ANOVA, glm

4) Litter C stocks – A Soil???
Isso baseado em graficos de pontos, mas no boxplot n parece haver dif sig

Segundo ANOVA Local, Vegetação e interacçao é tudo significatico, mas o fator que tem mais efeito é o local!!

Analisando só vegetação resultam 2 grupos CE<eu~pi. Mas quando analiso Veg*Loc vira uma zona!

	Location
	Vegetation
	C stock mean
	N
	LSD Fisher 0.05

	Mg
	eu
	5929.68
	30
	665.98
	A

	Pd
	ce
	8180.68
	29
	677.36
	B

	La
	ce
	9279.14
	30
	665.98
	BC

	Mg
	ce
	9418.35
	32
	644.83
	BC

	Mg
	pi
	10296.85
	30
	665.98
	CD

	La
	eu
	11566.4
	30
	665.98
	DE

	It
	ce
	11888.94
	30
	665.98
	DE

	Pd
	eu
	12576.48
	30
	665.98
	EF

	La
	pi
	12776.27
	30
	665.98
	EF

	Pd
	pi
	13815.98
	32
	644.83
	F

	It
	pi
	17387.88
	30
	665.98
	G

	It
	eu
	22850.06
	30
	665.98
	H


Ou seja, que nao é assim tao evidente o potencial de acumulo de carbono de estas espécies!
Forestry affected litter C stocks, which were lower in natural than planted forest. Differences between Pinus and Eucalyptus plantations are no significant. 
Organic C as well as quantity of material accumulated on forest floor were both lower under natural forest than plantations. Differences between Pinus and Eucalyptus plantations were no consistent, as the vegetation effect differed between blocks.

This result is related to differences on both quantity and quality of carbon, as there were higher C:N, lower Mg and xxxxxxxxxxxxxxxxxxxxxx
Nitrogênio – anova 1f (Local, Veg, Local*Veg):
Local, Vegetação e interacçao é tudo significatico. O fator que tem + efeito é veg

	Location
	Vegetation
	N mean
	N
	LSD Fisher 0.05

	Pd
	pi
	0.49
	32
	A

	La
	eu
	0.54
	30
	A

	Pd
	eu
	0.61
	30
	B

	It
	pi
	0.67
	30
	C

	Mg
	Pi
	0.68
	30
	C

	It
	Eu
	0.7
	30
	C

	La
	Pi
	0.7
	30
	C

	Mg
	Eu
	0.72
	30
	C

	Mg
	Ce
	1.01
	32
	D

	Pd
	Ce
	1.23
	29
	E

	It
	Ce
	1.24
	30
	E

	La
	Ce
	1.28
	30
	E


Magnésio:– anova 1f (Local, Veg, Local*Veg):
Local, Vegetação e interacçao é tudo significatico. O fator que tem + efeito é veg

	Location
	Vegetation
	Mg mean
	N
	LSD Fisher 0.05

	La
	Pi
	0.05
	30
	A

	It
	Pi
	0.05
	30
	A

	Mg
	Pi
	0.05
	30
	AB

	Pd
	Pi
	0.05
	32
	AB

	Pd
	Eu
	0.06
	30
	BC

	Mg
	Eu
	0.06
	30
	CD

	La
	Eu
	0.07
	30
	DE

	It
	Eu
	0.08
	30
	E

	It
	Ce
	0.1
	30
	F

	Mg
	Ce
	0.14
	32
	G

	La
	Ce
	0.15
	30
	H

	Pd
	Ce
	0.15
	29
	H


Calcio:– anova 1f (Local, Veg, Local*Veg):
Local, Vegetação e interacçao é tudo significatico. O fator que tem + efeito é veg

Analisando só vegetação resultam 2 grupos PI ~eu <ce. Mas quando analiso Veg*Loc vira uma zona!

Potássio:– anova 1f (Local, Veg, Local*Veg):
Local, Vegetação e interacçao é tudo significatico. O fator que tem + efeito é veg

Analisando só vegetação resultam 2 grupos PI ~eu <ce. Mas quando analiso Veg*Loc vira uma zona!

Para as variáveis que deu diferença consistente colocar media+-desvio padrão e discutir os intervalos de confiança para ver a alteração que seria esperada para cada tipo de vegeta.

NÃO TESTEI PRESSUPOSTOS DE ANOVA!!!! DEVERIA TESTAR E REFAZER AS ANÁLISES NOS CASOS EM QUE NÃO CUMPRA HOMOCEDASTICIDADE!
Discussion

3) Organic layers formation

Forest floor layer morphology differences between planted stands and natural forests could be explained on the basis of litter quality and soil fauna activities. High litter quality and activity of soil fauna incorporating SOC into the mineral soil lead to less organic material accumulation and most likely to faster nutrient cycling in the native forest, whereas in planted stands, lixiviation may be the principal cause of SOC incorporation into the surface A horizon, without almost any soil fauna intervention.

DO PAPER:

3. Results and Discussion

3.1. Forest Floor
(…)

Forest floor organic carbon stocks were one to two times larger under the Pinus and Eucalyptus stands than under the native Cerrado forest (Table 1). Litter collected at the planted stands had higher carbon concentration and C:N ratios, leading to higher organic material accumulation than in the native forest (Table 1). Similar results are common in the literature: several authors reported higher forest floor accumulation (Delitti, 1984; Wilcke and Lilienfein, 2002; Zinn et al., 2002; Wilcke and Lilienfein, 2004) and higher litter C stocks (Neufeldt et al., 2002; Wilcke and Lilienfein, 2004) in Pinus stands than in the native Cerrado forest, as well as moder horizon formation (Neufeldt et al. 2002; Wilcke and Lilienfein, 2002). Higher forest floor accumulation (Neuldfeldt et al., 2002; Maquere et al., 2008) and litter C stocks (Maquere et al., 2008) have been also reported in Eucalyptus stands compared to native Cerrado forest, although results are not as consistent as for Pinus. Zinn et al. (2002) found less litter accumulation under Eucalyptus than under the Cerrado forest; however, their results were dependent on soil type because the differences were significant on loamy Oxisol but not on sandy Entisol. We hypothesize than the observed E. saligna thick organic layer is due to the planted species, which is considered to be a strong forest floor accumulator in the Brazilian Cerrado (Maquere et al., 2008) and in other areas with similar conditions in Congo (LaClau et al., 2004) and South Africa (Read, 1943). However, we cannot confirm this hypothesis because of the lack of replication of the E. saligna stand.

Forest floor accumulation depends on the input/output balance, which is controlled by litter production and decomposition (Olson, 1963). It is known that Eucalyptus and Pinus stands had higher litter production than the Cerrado (Delitti, 1984; Neufeldt et al., 1999; Wilcke and Lilienfein, 2002) and that this litter has lower nutritional content in our study sites (Lorenzo, 2008). These two features can explain the organic material accumulation and organic layer formation. We suggest that decomposition is strongly inhibited by Pinus plantations. Other authors’ results support this idea; Delitti (1984) quantified slow decomposition rates and Wilcke and Lilienfein (2002) longer residence times when they compared Pinus with the adjacent native Cerrado near the study areas.

Conclusions
- Forestry affects litter chemical quality

- Eucalytus and Pinus plantations lead to the impoverishment of litter quality, through lower N and Mg contents. The Pinus litter has lower Mg content than the Eucalyptus one.

- Pinus plantation leads to organic layer formation. Results suggest that the effects of Eucalyptus forestry on layering depends on planted species. 
- Litter and soil Carbon stocks!!!!
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�Find the best english tranlation for this type of forest and be consistent through the entire text


�Apparently P is not consistently affected by silviculture, It is maybe more defined by soil mineral matriz than vegetation, as there are Sorong P deficit on tropical soils


�Tem cara de metodo, tal vez colocar analise d var n parametrica





