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ABSTRACT

The aim of this work was to analyze the concemmatf N, P, K, Ca and Mg in mature and litter les\and
nutrient mobilization in leaves of different tregesies from secondary forests of the Atlantic Fomsthe study
site, located in Floresta do Palmito (Paranagua,)PRree different forest typologies namely Initiltermediary
and Advanced were selected. The predominant sequdnuutrients in litter leaves was: N > Ca > Mgke> P.
This sequence was very similar to that found fotumealeaves, the difference being only the chamgerder
between Mg and K. Nutrients mobilized in leaveseweggher in the typology Advanced compared to ypelogy
Initial, mainly N, P and K. The majority of the sps studied did not mobilize Ca to other partthef plant, except
Clusia criuva(typology Intermediary) an@cotea pulchellétypology Advanced).

Key words: Atlantic forest, biogeochemical cycling, forestnition, Brazil

INTRODUCTION Haag et al 1985; Delitti, 1995). Nutrients uptaken
by the plants are transported to growing organs,
The coast of Parand State contains some of tiing incorporated in plant tissues or taking part
best preserved continuous forest remnants of thgetabolic processes that guarantee the growth and
Atlantic Forest in Brazil. Despite its high vitality of plants. During senescence, some of
importance in biodiversity, this forest has beerthese nutrients are mobilized to other parts of the
intensively submitted to anthropogenic influenceplant. This mobilization of nutrients through the
causing a drastic reduction of its original surface compartments of the plant, also known as
Nutrient cycling is one of the most importantbiochemistry cycling, represents an optimisation
processes of the ecosystem, mainly in highlpf the nutrients use by the plants. Little has been
leached soils with low fertility. It comprises Studied concerning nutrient cycling of tree species
assimilation and storage of nutrients in biomasdfom Atlantic Forest. Thus, the aim of the present
return to soil via organic matter or leachateswork was to study the nutrient composition of
accumulation and decomposition on the soimature and litter leaves and the nutrient
surface and, finally, mineralization, through whichmobilization in leaves of different tree species
nutrients become available to plants (Mason, 198@tom secondary forests in the South of Brazil.
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MATERIAL AND METHODS criuva Camb. There were no gaps and the forest
was shady and humid. The higher trees reached
Characterization of thearea 12.5 m, while the second storey was around 8 m.

The study was carried out in different forestThe understoregontained a lot of bromeliads and
typologies of the “Floresta Estadual do Palmito”also epiphytes. In the past, the vegetation was cut
located in Paranagua — PR, between 25%3&hd down and used for agriculture. The area was
48°32’'W. The regional climate is defined as Cfa,abandoned approximately 39 years ago.
according to Koppen, described as subtropical
humid, with an average temperature of the hottegsdvanced
month higher than 22°C and of the coldest montfihis typology was characterized by three strata
between —3°C and 18°C, and precipitation of thend an understorey full of bromeliads, epiphytes
driest month higher than 60 mm (IAPAR, 2007). and climbing plantsThe overstorey was between
The original vegetation of the area was describetil and 14 m height. It had more than 50 tree
as Lowland Dense Ombrophilous Forest (IBGEspecies, but none was dominant. Some important
1992). This vegetation was intensively explored iiree species wereTapirira guianensis Aubl,
the past by the extraction of wood and palm tre®cotea aciphylla(Nees and Mart.) MezAndira
(to collect palm heart) and some areas were totalgnthelmintica and Euterpe edulis Mart. The
deforested and used for agricultural activitieseDuoriginal forest suffered selective cuts of arboreal
to productive limitations of soil in these aredmyt individuals and the area was abandoned
were often abandoned after a short period of tim@pproximately 64 years ago (Wisniewski et al.,
allowing the development of a secondaryl997).
succession. Actually, the area is characterized byThe soil in the three typologies was classified as
mosaic of different forest typologies. Podzol. However, there were differences in
For this study, three plots were allocated in théhickness and depth between the horizons of these
area, each one in a different forest typology. Eachoils. The mineral soil was mainly composed by
plot had an area of 1000°nsubdivided in 10 sub- sand, was acidic, presenting low availability of
plots of 100 m The typologies were named phosphorus, potassium and basic cations. It was
according to the characteristics of the vegetation: important to note that the ground water level @f th
typology Advanced was nearer to the surface,
Initial compared to the two other areas (Schwarzbach,
Pioneer formation, wheréex theazandarth was 2005). This characteristic could cause distinct
the predominant tree species. Other tree specidgvelopment conditions (growth and species
important in the area were:Ternstroemia composition) of the vegetation.
brasiliensis Cambess, Andira anthelminthica As the soil of the study plots present distinct
Benth andOcotea pulchellaviarth. The area was historical usage and environment conditions (e.g.
formed by a total of 15 tree species and waground water level), the experimental areas were
characterized by only one stratus. The average tré@t considered part of a successional
height was of about 5 m. Some trees wershronosequence, but only different forest
originated from sprout of roots which remained intypologies.
the soil from the previous vegetation. There were
few epiphytes and luminosity was high. In theEstimation of Nutrient Mobilization
past, the vegetation suffered two clear cuts an@ihe mobilization (M) of N, P, K, Ca and Mg from
was burned after the last interventionmature to growing leaves (internal cycling) was
(approximately 26 years ago). estimated according to Attiwill et.g1978):

Intermediary M [%] = [(Clit — Cmat)/Cmat * 100]

This typology was characterized by two distinct

strata and a third one being formed. Twenty twdVhere,

tree species occured in the ardex theazansvas Clit = concentration of the element in litter leave
the predominant tree species, but not as expressi(@kg’l)

as in the typology Initial. Other tree species wer€mat = concentration of the element in mature
Ternstroemia brasiliensis, Rapanea vend3&. leaves (g.kd)

(Mez), Gomidesia schauerianBerg. andClusia
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To collect the litterfall, litter traps made of PVC After separation, the leaves were oven dried (65 +
tubes and nylon net, with an area of 0.3lwere 5°C) and weighed. The samples were combined to
installed at 0.70 cm above soil surface in theghreone composite sample per season for each tree
plots (Initial, Intermediary and Advanced). Tenspecies prior to chemical analysis. Mature leaves
litter traps were installed in each plot andwere collected from five trees of each selected
collections of litter were made every three weeksspecies in autumn (May 2000). The leaves were
during a period of two years, from autumn 1998 tgut into plastic bags and transported to the
summer 2000. laboratory in isolated boxes.

In laboratory, litterfall was put into paper bagsla In laboratory, the leaves were separated according
air-dried. After drying, the leaves of the selectedo the growing characteristics of each species,
tree species were separated from the total litterfabased on the study carried out by Boeger (2000).
The selection of these species was based on tv@nly the leaves from the median part of the twig
criteria: species with higher Importance Valuewere selected to avoid the use of either very young
(IV) and their occurrence in the litter traps dagrin or very old leaves. The single samples were
the study period. The list of the selected speicies combined to one composite sample per tree
the three typologies is presented in Table 1. species prior to chemical analysis.

Table 1 - Selected tree species from the forest typologi@sal, Intermediary and Advanced and its resjwect
importance values, in Floresta do Palmito, Para@agBR, Brazil.

Forest Typology Tree Species Importance Value (%)
llex theazandiart. (calina) 159.6
Initial Ternstroemia brasiliensi€amb. (vermelho) 29.2
Ocotea pulchellavart. (canela-lageana) 16.5
Pera glabrata(Schott) Baill. (tabocuva) 15.5
llex theazandiart. (calina) 72.9
Ternstroemia brasiliensi€amb. (vermelho) 31.7
. Rapanea venos@C.) Mez (capororocao) 30.0
Intermediary Gomidesia schauerian@erg. (papagoela) 29.7
Clusia criuvaCamb. (mangue-do-mato) 14.4
Ocotea pulchellaMart. (canela-lageana) 13.2
Tapirira guianensisAubl. (cupiava) 29.1
Advanced Ocotea aciphyllgdNees and Mart.) Mez (canela ponta-de-lanca) 20.5
Ocotea pulchellavart. (canela-lageana) 16.6
Myrcia racemosdO.Berg) Kiaersk. (guapiranga) 12.5
Chemical Analysis nutrient composition, in the typology InitidPera

The Nitrogen was determined by Kjeldahl Methodglabrata presented the highest N, P and K
(Bremner and Mulvaney, 1982). To determine P¢oncentrations. In the typology Intermediary,
K, Ca and Mg of mature and litter leaves, theOcotea pulchella presented the highest P
material was combusted at 500°C and dissolved toncentration, Rapanea venosapresented the
10% HCI (Perkin-Elmer, 1973). Potassium washighest N and K concentrations a@tusia criuva
analyzed by atomic emission; Calcium andoresented the highest Ca concentration.
magnesium were analyzed by atomic absorption ilm the typology Advanced,Ocotea aciphylla
Spectrophotometer (Perkin-Elmer 2380).presented the lowest concentration for the majority
Phosphorus was analyzed by colorimetric methodof elements analysed. Since till this study, the
chemical composition of mature leaves from tree
species of the Atlantic Forest had rarely been

RESULTSAND DISCUSSION investigated, comparison of the results obtained
here was very limited. However, the nutrient
Chemical Composition of Mature L eaves concentrations found in the majority of species

The predominant sequence of nutrients in matureere comparable to those found by other studies
leaves, independent of tree species, was: N > Caascomplished in Atlantic Forest at the coast of
K > Mg > P (Table 2). Considering the specificParana State (Boeger, 2005; Britez, 1994; Pires,
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2006; Protil, 2006). These differences among thelevated concentrations of Ca, Mg and Na (data
species were probably genetically related but alsaot presented here) in the typology Initial were in
seemed to be influenced the by changes in theccordance with observations made by Boeger et
environment. al. (2005) in a previous work in the same area,
Considering the different forest typologies,who related it to the decreasing of the sclerophili
concentrations of N and K were higher in thecharacter of leaves as the forest became older. The
Advanced and lower in the typology Initial. older forests are composed by trees of different
Concentrations of P were in the same range in allges and also by a higher variety of species, which
the three stages. For Ca, except in the case afe more shadow tolerant and consequently
Clusia criuva,the concentrations in mature leavegresent leaves less sclerophilic. These species
were lower for the species in the typologyoccur in an environment presenting a higher
Intermediary, a little higher in the typology l@iti availability of nutrients, related to a higher ditt
and much higher in the Advanced one (except fadecomposition, and by consequence tend to
Ocotea aciphylla Mg concentrations were on present higher concentrations for most nutrients in
average highest in the typology Initial. Thesédts tissues.

Table 2 - Average nutrient concentration (gRgn mature leaves of the selected tree species fhe typologies
Initial, Intermediary and Advanced in Floresta ddrfito, Paranagua — PR, Brazil.

Forest Typology Tree Specie N P gKkg'l Ca Mg
llex theazans 10.52 0.44 2.88 8.06 4.08
Initial Ternstroemia brasiliensis 9.97 0.39 2.45 9.45 3.28
Pera glabrata 18.29 0.94 4.25 8.48 3.89
Average 12.93 0.59 3.19 8.66 3.75
llex theazans 12.16 0.55 3.98 6.29 3.89
Ternstroemia brasiliensis 9.31 0.34 4.07 6.70 3.50
Ocotea pulchella 14.79 0.72 3.72 3.97 1.09
Intermediary Clusia criuva 10.52 0.40 3.55 15.27 3.29
Rapanea venosa 20.48 0.56 6.06 4.99 1.89
Gomidesia fenzliana 10.08 0.59 5.16 4.88 2.09
Average 12.89 0.53 4.42 7.02 2.63
Ocotea pulchella 15.32 0.59 4.80 11.00 0.70
Ocotea aciphilla 15.66 0.50 6.11 5.29 1.60
Advanced Tapirira guianensis 16.32 0.80 6.06 12.46 3.19
Myrcia racemosa 13.80 0.50 3.61 12.99 3.50
Average 14.80 0.58 5.00 9.75 2.32
Chemical Composition of Litter Leaves P, Ca and Mg concentrations in litter leaves. This

The nutrient concentration in litter leaves of theeffect could be explained by the presencéefa
selected tree species is shown in Table 3. Thglabrata in this area. This tree species had very
predominant sequence of nutrients in litter leaveBigh concentrations of all the elements analyzed.
was: N > Ca > Mg > K > P. This sequence waditrogen and phosphorus concentrations in litter
very similar to that found for mature leaves, thdeaves ofP. glabratawere four times higher than
difference being only the change in order between litter leaves of. theazansandT. brasiliensisK,

Mg and K. This sequence was also similar to thaCa and Mg were two times higher. Thus, the
observed by other studies accomplished in tropicalverage nutrient concentration in the typology
forests (Pagano, 1985; Moraes, 1993; Britez, 1994nitial was overestimated because of the high
Gabriel, 1996; Portes, 2000; Rocha, 2006; Protilvalues found in this species.

2006). For I. theazans the concentrations of N and K
Concentration of Ca was higher than N in litterwere higher in the typology Intermediary and the
leaves ofTernstroemia brasiliensis, Clusia criuva, concentrations of Ca and Mg were higher in the
Tapirira guianensisand Myrcia racemosa On typology Initial. For T. brasiliensis the
average, the typology Initial presented the highestoncentrations of N, K and Mg were higher in the
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typology Intermediary and the concentration of Cantensively leached from litterfall. As the
was higher in the typology Initial. No such generaktalculation used to estimate nutrient mobilization
tendency between the tree species could kaid not consider the leached quantities, the result
observed in the typology Intermediai@. criuva could be overestimated. If leaching was considered
and T. brasiliensishad the highest Ca and Mg in the calculation, K would probably be in a lower
concentrations in litter leaves, respectively. Inposition in the sequence, after N and P.

litter leaves ofO. pulchellaandM. racemosaall  Besides the high susceptibility of K to leaching, i
the nutrient concentrations were higher in thes highly mobile in plants. According to Raij

typology Advanced. (1991), K can be transported over long distances
and distributed to new organs. Plant organs are
Nutrient Mobilization supplied preferentially and so, meristemic tissues

The nutrient mobilization in plant tissues of theand young fruits usually contain higher
selected tree species from Initial, Intermediarg anconcentrations of K.

Advanced stages is presented in Table 4. Onlyhe typology Initial presented the highest N
negative values indicated the mobilization (omobilization (45.6 %, not considering the species
retranslocation) of the element. The predominarPera glabratj, compared to the typologies
sequence of nutrient mobilization was thelntermediary and Advanced (32.3 and 26.9 %,
following: K > N > P > Mg > Ca. This sequencerespectively) and the lowest Ca and Mg
was also observed by Protil (2006) in the sameobilization. The typology Intermediary presented
study area, but in a different time period. Caldeirthe highest P mobilization. In a *“restinga”
et al (1999) found the sequence P > K > Mg > N >ecosystem at the coast of Parana State, Britez
Ca for Acacia mearnsiiand Baliero et al. (2004), (1994) observed that N, P and K concentrations in
working with Acacia mangium reported the litter leaves were lower than in mature leaves and
sequence P > K > N > Mg. Despite the differencesoncluded that these elements were redistributed
in the order of the elements, N, P and K werdefore leaf abscission. Ca concentration increased
mobilized most. because of its low mobility. Mg concentrations
It was important to note that K was in the firstremained stable despite its mobility in plant
position of the nutrient mobilization sequence. Kphloem. Nutrients mobilized in leaves were higher
is a very soluble mineral element and so, it isn the typology Advanced, mainly N, P and K.

Table 3 - Average nutrient concentration (g Rgin litter leaves of the selected tree speciesftbe typologies
Initial, Intermediary and Advanced in Floresta ddrfito, Paranagua - PR, Brazil.

Forest Typology Tree Specie N P g kg'l Ca Mg
llex theazans 5.56 a*(1.84)** 0.32a(0.14) 0.99a(0.12) 11.78a(1.77) 5.3829)
Initial Ternstroemia brasiliensis 5.58 a (1.67) 0.34a(0.10) 1.21a(0.44) 10.4189)0 3.51 a (0.11)
Pera glabrata 20.38b (1.39) 1.44b(0.26) 2.24b(0.48) 19.82.B5) 7.20 c (1.46)
Average 10.51 0.70 148 14.00 5.36
llex theazans 10.15¢(2.70) 0.35bc (0.11) 1.95c(0.52) 7.42.88) 3.74d (0.40)

Ternstroemia brasiliensis 7.40 a (0.74) 0.24 ab (0.10) 1.78 bc (0.32)97 b (0.39) 4.12 e (0.37)
Ocotea pulchella 9.76 bc (1.69) 0.40c(0.11) 1.19a(0.22) 5.76a% 1.78a(0.07)
Intermediary Clusia criuva 6.84 a(1.98) 0.29 abc (0.14).81 bc (0.21) 13.44 d (0.52) 3.29 c (0.14)
Rapanea venosa 8.13ab (1.31) 0.22a(0.09) 1.35a(0.16) 9.72c(1.12.47 b (0.17)
Gomidesia fenzliana  7.30a(1.54) 0.28 abc (0.12).48 ab (0.33) 6.52a(0.76) 2.48 b (0.37)
Average 8.26 0.30 1.59 8.50 2.98
Ocotea pulchella 10.19a(2.56) 0.43ab(0.16) 1.28a(0.31) 6.@@®48) 1.81a(0.11)
Ocotea aciphylla 11.59ab (1.39) 0.32a(0.10) 1.77b(0.35) 7.50.68) 2.05b (0.12)
Advanced Tapirira guianensis ~ 10.86 ab (2.16) 0.36 a (0.14) 1.96 bc (0.28) 1B.6B22) 2.32 ¢ (0.18)
Myrcia racemosa 1251 b (1.47) 0.49b(0.07) 2.15c(0.35) 16.89.89) 2.97d (0.39)
Average 11.29 0.40 1.79 10.91 2.29
*Values in columns followed by the same lettemd differ to each other by Fischer’s protected B8t at 5% of probability.
** (standard deviation)
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Table 4 - Nutrients mobilized in leaves of selected treecées from the typologies Initial, Intermediarydan
Advanced in the Floresta do Palmito, Paranaguda,BPail.

Forest Typology Tree Specie N P ;) Ca Mg
llex theazans -47.1 -27.3 -65.6 46.2 31.9
Initial Ternstroemia brasiliensis -440 -128 -50.6 10.2 7.0
Pera glabrata 11.4 53.2 -47.3 1335 85.1
Average -16.3 4.4 -545 633 413
llex theazans -16.5 -36.4 -51.0 211 -3.9
Ternstroemia brasiliensis -205 -294 -56.3 19.0 17.7
Ocotea pulchella -34.0 -444 -68.0 443 63.3
Intermediary Clusia criuva -35.0 -275 -49.0 -12.0 0.0
Rapanea venosa -60.3 -60.7 -77.7 94.8 30.7
Gomidesia fenzliana -27.6 -525 -71.3 336 18.7
Average -323 418 -622 335 211
Ocotea pulchella -335 -271 -73.3 -38.8 158.6
Ocotea aciphylla -26.0 -36.0 -71.0 4138 28.1
Advanced Tapirira guianensis -335 -55.0 -67.7 0.6 -27.3
Myrcia racemosa -9.3 -2.0 -40.4 30.0 -151
Average -269 -324 -629 134 331

Variations between nutrient concentration ofsame area, Boeger et al. (2005) found a lower C/N
mature leaves and litter leaves are not attributeditio (26.7) in mature leavesf P. glabrata as
only to the species, but also depend on soitompared to other species. Considering that plant
conditions, vegetation growing and speciedissue with a low C/N ratio were more easily
development (Sharma and Pande, 1988). Th#ecomposed (Mason, 1980), it was probable that
majority of the species studied did not mobilize Cdhe leaves oP. glabratalost C via decomposition

to other parts of the plant, except fGr criuva (while the leaves were in the traps), causing an N
(Intermediary) and O. pulchella (Advanced). concentration effect. As N concentration in litter
According to Bell and Ward (1984), cited byleaves was higher than in mature leaves, this
Magalhdes and Blum (1999), foliar abscissiorresulted in negative values of N mobilizationFin
seemed to generate higher Ca losses to the plajlabrata The elements that presented positive
and produced litter leaves richer in Ca. Calcium isalues (mainly Ca and Mg) were not mobilized
part of plasmalemmand is a structural component before leaf abscission.

of the cellular wall; it has a low mobility and is

released mainly by foliar decomposition.

In the majority of species, Mg was also notRESUMO

mobilized in litter leaves. The only exceptions

werel. theazangInitial), andT. guianensigandM. O objetivo do presente trabalho foi analisar a
racemosa(Advanced). According to Protil (2006), concentracdo de N, P, K, Ca e Mg nas folhas
this behaviour of the Mg could be related to thenaduras e folhas de serapilheira e mobilizagéo
availability of the element in soil. Nitrogen destes elementos nas folhas de diferentes espécies
mobilization of I. theazanswas 47.1% in the arbéreas de florestas secundéarias da Mata
typology Initial and 16.5% in the typology Atlantica. A area de estudo localiza-se na Floresta
Intermediary. Calcium reservation was 46.2% indo Palmito (Paranagua, PR), onde foram
the typology Initial and 21.1% in the typology selecionadas trés tipologias florestais, com
Intermediary. diferentes idades e estruturas, denominadas
R. venosahowed a high N, P and K mobilizationtipologia Inicial, tipologia Intermediaria e
(60.3, 60.7 and 77.7%, respectively) and a higkipologia Avancada.

reservation of Ca (94.8%yl. racemosaevealed a A seqiiéncia predominante de nutrientes nas folhas
very low N and P mobilization in comparison tode serapilheira foi: N > Ca > Mg > K > P. Esta
the other species. A reservation of nutrients wasequiéncia foi muito similar nas folhas maduras,
observed in litter leaves dP. glabrata In the sendo a Gnica diferenca a mudanca de ordem entre
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0 Mg e o K. Os nutrientes mobilizados foramDelliti, W.B.C. (1995), Estudos de ciclagem de
maiores na tipologia Avancada em relacédo & nutrientes: instrumentos para a andlise funcioeal d
tipologia Inicial, principalmente no caso do N, P e €cossistemas terrestreQecologia Brasiliensis 1,

K. A maioria das espécies estudadas na 469'486' . . .
mobilizou Ca para outras partes da planta, excef%abr'e,l’.‘]' L. C. (1996), Floristica, Fitossocioingle

no caso das espéciedlusia criuva (tipologia espécies lenhosas e aspectos de ciclagem de

. . . nutrientes em Floresta Mesdéfila Semidecidua nos
Intermediaria) e Ocotea pulchella (tipologia municipios de Anhembi e Bofete/SPhD Thesis

Avancada). Universidade Estadual Paulista, Rio Claro, Brazil.
Haag, H. (1985), Ciclagem de nutrientes em flogesta
tropicais. Fundacédo Cargill, Campinas.
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