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RESUMO

Para o estabelecimento de populagdes vegetais d&merdes que sao heterogéneos
no tempo e no espaco, como florestas que passaprqguesso de regeneracdo natural,
é fundamental a capacidade de apresentar respuasiEas em atributos funcionais
foliares em resposta as variagdes ambientais. &lgnbneiras apresentam estratégias
ecofisiolégicas distintas de plantas de estadiosssionais tardios, ocupando posi¢cdes
opostas no espectro de economia foliar. No entalgomas plantas conseguem se
estabelecer, ao mesmo tempo, em areas em diferembesentos do processo
sucessional. Dessa forma, o presente trabalhccteve objetivo avaliar a variagdo nos
atributos funcionais de trés espécies de diferdrdbgos, numa cronosequéncia (inicial
(22 anos), intermediaria (44 anos), e tardia (+ &@tbs)) de floresta tropical
sazonalmente seca em trés estacdes chuvosas doraseclls espécies selecionadas
foram: Poincianella pyramidalis(Tul.) L.P. Queiroz (Fabaceae), arbérddyptis
suaveolendL.) Poit. (Lamiaceae), herbacea;Séda galheirensidJlbr. (Malvaceae),
subarbustiva. As duas primeiras sdo encontradadréssestadios sucessionais, e a
altima apenas nos estadios inicial e tardio. T@dasoletas foram realizadas no periodo
chuvoso, no més de abril, entre os anos de 201218 Foram mensuradas as trocas
gasosas, o potencial hidrico foliar, o conteldoeadi@éncia no uso dos nutrientes, a
area foliar especifica, o conteudo de compostaditers, o custo de construcao foliar e
o tempo de compensacao. As respostas ecofisiokdes plantas foram influenciadas
tanto pelo estadio sucessional quanto pela pracgmt entre os anos. De um modo
geral, as plantas do estadio tardio apresentarairesataxas de trocas gasosas,
potencial hidrico, eficiéncia no uso dos nutrientesinvestimento em defesa,
especialmente em 2014, o ano mais chuvoso. Aléso,disn maior custo de construcao
foliar e um menor tempo de compensacéo foram obdesvnas plantas da area tardia,
evidenciando que em areas preservadas as plantasasieficientes no uso da energia.
No entanto a variacdo nos atributos foliares foisnigtensa entre os anos de coleta.
Dentre os atributos funcionais, o potencial hidgresentou a maior capacidade de
aclimatacdo a variacdo ambiental, seguido da afi@éno uso dos nutrientes e da area
foliar especifica. O atributo com a menor capaadael resposta plastica foi o custo de
construgdo foliar. No entanto esse atributo foi tneosse como um dos mais
importantes na classificacdo das plantas de acoodo o estadio sucessional. Os

resultados mostram que a agua é o principal fdinbiental que coordena as respostas



ecofisiolégicas na floresta tropical sazonalmenéeas brasileira. No entanto as
diferentes espécies captam e utilizam a agua disglathe forma distinta, evidenciando
uma diferenciagdo de nicho com relacdo ao uso da.ayy variacdo nos atributos
funcionais em funcéo do estadio sucessional supeseas espécies analisadas tém a
capacidade de ajustar o seu espectro de econolaig €dilizando-se de estratégia de

captacao ou de conservacéao de recursos de acardascexigéncias do ambiente.

Palavras-chave:Custo de construcao foliar. Sucessao ecolégiqeeda® de economia

foliar. Fotossintese. Ecofisiologia.



ABSTRACT

For establishing plant populations in environmethist are heterogeneous in time
and space, as forests that pass through naturaheesfion process, it is essential the
ability to present plastic responses in leaf flordi traits in response to environmental
variations. Pioneer plants have different ecophggioal strategies in comparison
plants of late successional stages, occupying agppsesitions in the leaf economics
spectrum. However some plants can be establishetheasame time, in areas at
different stages in succession process. Thusstady aimed to evaluate the changes in
the functional attributes of three species of défg habits, in a chronosequence (early
(22 years), intermediate (44 years) and late ( yd&#rs)) of a seasonally tropical dry
forest in three consecutive rainy seasons. Theiepeselected werePoincianella
pyramidals (Tul.) L.P. Queiroz (Fabaceae), a tréd¢yptis SuaveolengL.) Poit.
(Lamiaceae), a herb; ar@idagalheirensisUlbr. (Malvaceae), a subshrub. The first two
are found in the three successional stages, anthsh@ne only in the early and late
stages. All samples were collected in the rainggeain April, between the years 2012
and 2015. The gas exchange, leaf water potential,cbntent and the nutrient use
efficiencies, specific leaf area, the content oémdlics, the leaf construction cost and
payback time, were measured. Ecophysiological mesgm of plants were influenced
both by the successional stage as the rainfalldmtvwyears. In general, plants from late
stage had higher rates of gas exchange, leaf watential, nutrients use efficiency and
investment in defense, especially in 2014, the egétyear. Furthermore, a higher leaf
construction cost and a shorter payback time wesermved in late area, showing that, in
preserved areas, plants are more efficient in gnesg. However the variation in leaf
traits was more intense between the years of ¢mlecAmong the functional traits, the
water potential presented the highest acclimatmatcapacity to environmental
variation, followed by the nutrient use efficieriand specific leaf area. The leaf trait
with the lowest plastic response was the leaf coogbn cost. However, this trait was
one of the most important in classifying the plaatsording to successional stage. The
results showed that water is the main environmefitedr that coordinates the
ecophysiological responses in the Brazilian sedlotrapical dry forest. However the
different species capture and utilize the availabbder separately, showing a niche
differentiation related to water use. The variatioriunctional traits as a function of the

succession stages, suggests that the species stuldy have the ability to adjust its leaf



economics spectrum economy, by using a resourceireapr a conservative strategy

according to the requirements of the environment.

Keywords: Leaf construction cost. Ecological successiorafl&conomics spectrum.

Photosynthesis. Ecophysiology.
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1. APRESENTACAO

A capacidade de apresentar respostas plasticadributas funcionais-chave em
resposta a variacbes ambientais, é fundamentalopastabelecimento e sobrevivéncia
das populacbes vegetais em ambientes que sao d@teos no tempo e no espaco,
como os ecossistemas florestais (GRATANI, 2014)vAsacOes ambientais impdem
as plantas diferentes for¢cas de selecdo que, dtepmnto, definem quais espécies sao
capazes de sobreviver e manter sua performanceasietijica frente as novas
condicbes do ambiente (POORTER, 2009). Dessa foaranalise da variacdo nos
atributos funcionais de plantas submetidas a difesecondicbes ambientais vem se
mostrando como uma importante ferramenta no entendo da funcionalidade de
populacdes e comunidades vegetais (CHAI et al. 2015

A relacdo entre os atributos funcionais foliares lealanco de carbono na planta é
conhecida como espectro de economia foliar, eteeldorma como a planta investe os
fotoassimilados produzidos através do processadoitetico (EDWARDS et al. 2014).
De um modo geral duas estratégias de investimeaterp ser identificadas em
populacdes vegetais: uma baseada na captacaoulsoecapresentada por plantas que
apresentam rpido crescimento e sdo toleranteseasa luminosidade; e outra de
conservacdo de recursos, apresentada por plantaesigmento lento e tolerantes a
sombra (REICH et al. 2003). Dentro os atributogioimais que compdem o espectro de
economia foliar, o custo de construcéao foliar édos mais importantes, pois determina
a quantidade de glicose gasta pela planta na piioddgs folhas (WILLIAMS et al.
1987). Assim, o custo de construcao foliar asseciaa tempo de compensacdo dos
gastos na producao das folhas, pode fornecer datdosssantes acerca da eficiéncia no
uso da energia nas plantas (POORTER et al. 2006).

Apesar das florestas tropicais sazonalmente semaparem cerca de 42% das
florestas tropicais do mundo (MILES et al. 2006pda h4 um grande déficit de
conhecimento sobre 0s processos ecologicos nesessisgtemas, principalmente os
relacionados a sucesséo ecoldgica. No Brasil adiartropical sazonalmente seca é
representada pela Caatinga, onde, segundo Cahraphat e Almeida-Cortez (2013),
80% de suas florestas s@o sucessionais. Nessdsentinalise de atributos de espécies
vegetais caracteristicas de diferentes momentgsatesso de regeneracdo natural vem
se mostrando interessante na determinacédo da da&miprocesso sucessional (LIU et
al. 2012).
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Plantas pioneiras, caracteristicas de estadiosssooais iniciais apresentam
maiores taxas de trocas gasosas, maior area fedipecifica, maiores taxas de
crescimento e um menor custo de construgéo foliempo de compensagéo, quando
comparadas com plantas caracteristicas de estadss (ZHU et al. 2013). De uma
maneira geral, as primeiras utilizam da estratdgi@aptacao, e as plantas secundarias
utilizam da estratégia de conservagado de recuososeja, elas estdo em lados opostos
do espectro de economia foliar. Os trabalhos qoa&nfionas comparacdes de estratégias
de aquisicéo e utilizacao de recursos em plantabedscidas em areas que passam por
processo de regeneracdo natural comparam as @stsatetilizadas por plantas
pioneiras com as estratégias utilizadas por platgastadios sucessionais tardios (ZHU
et al. 2013; NAVAS et al. 2010). No entanto algumpksitas apresentam a capacidade
de se estabelecer, ao mesmo tempo, em mais detéulinaso processo de regeneracao
natural (CABRAL; SAMPAIO; ALMEIDA-CORTEZ, 2013). Dssa forma, os
resultados originados por esse trabalho de tes®m s primeiros, até onde temos
conhecimento, a apresentar comparagdes entre tafribuncionais de uma mesma
planta em areas em diferentes periodos do prodessegeneracdo natural, e em anos
com diferentes indices pluviométricos, gerando dadcerca da capacidade de
aclimatacao dessas plantas a diferentes condigii@etais, tanto no tempo quanto no
espaco.

Assim, este trabalho pretende entender que estaatplantas de diferentes habitos
utiizam para poder se estabelecer em diferentdadies sucessionais numa
cronosequéncia de floresta tropical sazonalmenta, s& quais atributos funcionais
foliares apresentam maior capacidade de ajusteragbes abidticas caracteristicas de
cada estadio de sucessdo. Para tanto, pretendesias &s seguintes hipoteses: (i)
plantas em estadios sucessionais tardios aprefemtaior custo de construcdo foliar e
maior eficiéncia no uso da energia que plantasstadm®s iniciais; (ii) as respostas dos
atributos foliares a disponibilidade hidrica serfais intensas que as respostas ao
estadio sucessional; (iii) os atributos funcior@s maior capacidade de aclimatacéo

serdo os relacionados a utilizacédo da agua.
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2. FUNDAMENTACAO TEORICA

2.1 Floresta Tropical Sazonal Seca

As florestas tropicais sazonais secas (FTSS) cangesm 42% das florestas
tropicais do mundo, compreendendo areas na AmélicaSul, América Central,
Austrélia, india, Sudeste da Asia, Caribe, e doitutdes paralelos na Africa (MILES
et al. 2006). E classificado como um dos biomassnmaportantes do mundo ou,
segundo Pennington, Lavin e Oliveira-Filho (200@2ma metacomunidade de
abrangéncia global. A temperatura média das FT8& Z5°C, com precipitacdo anual
variando de 700 mm a 2000 mm, com pelo menos tedgsnsecos no ano (SANCHEZ-
AZOFEIFA et al. 2005). No entanto, esses valores s#&dias globais, variando
fortemente em toda a regifio neotropical (ESPIRIPDIBO et al. 2008). A vegetacio
é principalmente decidua, com aproximadamente 9%8d/ores perdendo suas folhas
na estagdo seca (NASCIMENTO; FAGG; FAGG, 2007).aktente, muitas FTSS sao
consideradashotspots devido seus niveis significativos de riqueza e mrisi®os
(SANTOS, J. C. et al. 2011).

No Brasil, a FTSS é representada pela Caatinga,damanaiores areas de floresta
seca do mundo (MILES et al. 2006). O ecossistem&alitinga ocupa uma area de
aproximadamente 735.000 kmextendendo-se pelos Estados do Piaui, Ceara, Rio
Grande do Norte, Paraiba, Pernambuco, AlagoasjpBerf8ahia e o norte de Minas
Gerais (SANTOS, M. G. et al. 2014; SILVA; ALBUQUERIE, 2005). E caracterizada
por uma estacéo seca longa, de 7 a 11 meses ne peta irregularidade das chuvas,
que variam entre 240 mm a 700 mm (LUCENA et al. 20BRADO, 2003). A
vegetacado € composta por um mosaico de plantasrteegrbustivo-arboreo e manchas
de floresta seca (LEAL et al. 2005). E uma dasfitas sazonais secas mais populosas
do mundo, sendo explorada para produgéo agricoteagdo de animais, as principais
causas de perda de habitat nesse ecossistema (AQ@ROQUINTERO; SANCHEZ-
AZOFEIFA, 2010). Apesar de grande parte de seutdeo estar ameacado pelas
atividades agropecuarias, a Caatinga possui pold@dades de Conservacao,
principalmente devido a limitadas politicas de epwacdo desse ecossistema por parte
dos governos locais (ESPIRITO-SANTO et al. 2009).

A &gua é o principal filtro ambiental que influes@ estrutura e a distribuicdo da
comunidade vegetal em FTSS (LEBRIJA-TREJOS etGl12 A agua é fundamental

para o processo fotossintético, sendo a doadoraléteons na etapa fotoquimica
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(BLOCH; HOFFMANN; MARLANDER, 2006); é essencial nmobilidade de
nutrientes do solo para a planta, e dos fotosemitdta folha para os érgdos dreno
(DURAND; GONZALEZ-DUGO; GASTAL, 2010); e atua conswlvente ideal para
varias reag0es bioquimicas que ocorrem nas célafgtais. Dessa forma, a capacidade
de captacdo e a eficiéncia no uso da agua sacedatmportantes que coordenam
atributos morfo-fisioldgicos e fenolégicos de plmtaracteristica de FTSS (LIMA et
al. 2012).

Trés principais estratégias sao utilizadas pelastas de FTSS para lidar com o
déficit hidrico sazonal, caracteristico desse tipoecossistema: evitacao, tolerancia e
escape (SOUZA et al. 2015). A estratégia de ewt&cétilizada por plantas deciduas,
gue perdem as folhas nos meses mais secos dosaapaado, dessa forma, dos efeitos
negativos da deficiéncia hidrica na sua performasuadisiologica. Ja a tolerancia, é
encontrada em plantas perenes, que mantém suas fobksmo durante a estacéo seca
(TOMLINSON et al. 2013). A estratégia de escapéilzada por plantas anuais, como
varias herbaceas da Caatinga, que completam séol cigio de vida no periodo
chuvoso do ano, escapando das consequéncias @i Hifrico (COSTA; ARAUJO;
LIMA-VERDE, 2007) As plantas deciduas apresentammomcapacidade fotossintética
e, consequentemente, maior taxa de crescimentostagde chuvosa, que plantas
perenes. Por outro lado, as plantas perenes afagsatributos funcionais relacionados
com a minimizacdo da cavitacdo dos vasos do xilem@ao uma maior densidade de
madeira, e diminuicdo das taxas de perda de aguagmspiracdo, COmo uma menor
area foliar (LIMA et al. 2012; KURSAR et al. 200®)essa forma, fica claro que a agua
é o fator abidtico limitante da funcionalidade &3sSS.

De acordo com o Painel Intergovernamental sobre avicas Climaticas (AR4
IPCC 2007), as florestas tropicais sazonalmentassgéo sofrer com o aumento da
aridez, da temperatura média, e da diminuicdo Hagas até 2050. Segundo algumas
previsdes as FTSS, como a Caatinga, irdo apresanttalidade de espécies arboreas e
alteracbes no comportamento ecofisiologico dastgdamo entanto, um consenso ainda
nao foi alcancado no que diz respeito as alterag@deperformance das plantas de
regides semi-aridas quanto aos possiveis danogonades pelas mudancas climaticas,
ja que alguns dados mostram uma certa estabilidede=TSS ao aumento de
temperatura, radiacdo e g@mosférico (COLLEVATTI et al. 2013; SHEFFIELD;
WOOD; RODERICK, 2012). Assim, estudos que analisesmectos ecofisiologicos de
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plantas de FTSS, ao longo do tempo, sdo importaateeterminacdo das respostas de

atributos funcionais a variagdo nas condi¢Oes artdige

2.2Sucessao Ecologica

Sucessao ecologica é definida como um processoahata estabelecimento e
eventual substituicdo de espécies, de forma dimatiguando um ecossistema em sua
integridade est& evoluindo para um estagio clifddRTZ; ANNILA, 2010). De um
modo geral, com o avan¢co do processo sucessionalossistema torna-se mais
estratificado, e as comunidades mais ricas, coraplex com maior producdo de
biomassa (POWERS et al. 2009).

O processo sucessdo ecoldgica pode ser classifieadalois tipos: primario e
secundario. A sucessao primaria ocorre em terregimsvegetacao prévia, ou seja, sem
registro de estabelecimento de comunidades vepetaiguanto que a sucessao
secundaria ocorre em areas com uma comunidadeal/@gétia, que foi eliminada por
um determinado distarbio, seja ele ambiental, cdogp, doencas, herbivoria, ou
antropico como exploracdo de recursos florestaillKQRIOMAKIS; GANATSAS,
2012; UOTILA; KOUKI, 2005).

Os trabalhos sobre sucesséao ecoldgica, de um nevdbh gao realizados utilizando
dois métodos de estudo. O primeiro consiste no paohamento do processo de
regeneracao natural de um determinado sitio amldiegtempo. Porém, o tempo para
obtencéo e avaliacdo dos resultados é muito graodgndo esse tipo de abordagem
muitas vezes inviavel, ja que as comunidades visgleteam anos ou mesmo décadas
para passarem de um estadio sucessional para atéraatingir a estadio climax
(WALKER et al. 2010). O segundo método envolve o ds cronosequéncias, ou seja,
areas em diferentes estadios de sucessdo ecoldgeaizadas na mesma zona
ecologica (FUKAMI; WARDLE, 2005). Com base nos dadispaciais de estrutura e
composicdo da comunidade em cada estdgio, podeessa forma, interpretar o
processo de sucessao ao longo do tempo. A deteydoinka idade da cronosequéncia é
realizada através de dados indiretos, como mapagrafecos, imagens de satélite, a
estrutura da vegetacao (area basal, coberturapda densidade de individuos, etc.) e o
histérico do uso das areas (MORA et al. 2015; WARKé al. 2010).

Em comparagdo com florestas maduras, florestas stadie inicial de sucesséo,
apresentam maior temperatura do ar e do solo, rdéfait de pressédo vapor, € menor
umidade relativa do ar e conteido de agua no sBIDNEDA-GARCIA; PAZ;
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MEINZER, 2012). Dessa forma, € esperado que aetifer no micro habitat de cada
estadio sucessional seja determinante na selecd@spécies que consigam se
estabelecer na area. Areas em estadios iniciaisudessio irdo selecionar espécies
como “estratégias de captacdo de recursos”, guecare em taxas elevadas e que
necessitam de uma quantidade maior de luz; jatédies sucessionais mais avancados
serdo dominados por espécies com ‘“estratégias dsem@cdo de recursos”, que
apresentam crescimento lento e séo tolerantes araogfBCHONBECK et al. 2015;
REICH et al. 2003).

Areas que passam por processos de sucessdo eaolégicse tornando cada vez
mais comuns em FTSS (SANTOS et al. 2014; QUESADAI.e2009). No Brasil essa
situacao é ainda mais critica ja que, devido asaed&opicas, 80% das florestas secas
sao sucessionais, e 40% dessas florestas sao asaatidestadio inicial de regeneracao
(CABRAL; SAMPAIO; ALMEIDA-CORTEZ, 2013). No entanfomuito do que se
conhece acerca de sucessdo ecoldgica é a partiadies obtidos em estudos com
florestas imidas. Um levantamento realizado ndN8b of Science, de 1900 a 2009,
por artigos contendo os termos “sucessao” e “tagjicetornou um resultado de 463
artigos em florestas umidas contra apenas 60 arggoflorestas secas (QUESADA et
al. 2009). J& nos ultimos 50 anos uma busca comroms “Floresta Tropical Seca” e
“sucessao” retornou 25 artigos, sendo apenas uBaatnga, evidenciando o déficit de

conhecimento acerca das FTSS brasileiras.

2.3Aclimatacao

Como as condi¢Bes do micro habitat de cada essadessional ndo sdo constantes
no tempo e no espaco, as plantas necessitam ageiaratributos funcionais para
conseguir sobreviver as novas condicdes do ambiasigecialmente aquelas que
conseguem se estabelecer em mais de um estadasisumet. Blom e Voesenek (1996)
descrevem trés estratégias principais utilizadalespglantas para lidar com a
variabilidade ambiental: (i) restringir a distripo da espécie apenas para areas
favoraveis; (ii) desenvolver uma elevada plastidedanos atributos morfolégicos e
fisioldgicos; (iii) desenvolver interacdes mutuadias com outras espécies.

Tradicionalmente o termo plasticidade é utilizadmmo a resposta ao ambiente
envolve atributos morfolégicos, e € denominadonzafacdo quando envolve atributos
fisiologicos (ZUNZUNEGUI et al. 2009). Segundo @@t Covone e Larcher (2006), a

variacdo nos atributos morfolégicos e anatdmicogesposta ao ambiente é de longo
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prazo, de menor intensidade e mais conservatifiy de se evitar grandes gastos em
estruturas muito custosas do ponto de vista enevg&desse modo, a aclimatagédo de
variaveis fisiologicas, principalmente aquelasaigiaadas a aquisicdo de carbono, séo
essenciais para as respostas de curto prazo gad@aabiental.

Ecossistemas florestais séo caracterizados pordegsaflutuacdes ambientais, e
desvios continuados de qualquer fator ambientad pm dos limites das condi¢fes
Otimas sdo considerados estressantes para assp(BiiEMETS, 2010). O mesmo
acontece com o processo de regeneracdo naturabnilécbes ambientais de um sitio
em estadio tardio de sucessao séo estressanteplguatas pioneiras, que nao toleram
ambientes sombreados por exemplo (NAVAS et al. ROB@¢m disso, as variagdes no
ambiente raramente envolvem um Unico fator abigtioogcando as plantas a se
aclimatarem as novas condicbes em varios niveisgeda morfo-anatomia foliar,
fenologia e fisiologia (AVALOS; MULKEY, 2014). Segdo Zunzunegui et al. (2011),
cada espécie apresenta tmade-off entre os niveis de ajuste, permitindo diferentes
padrdes de aclimatagao.

Nas FTSS, a incidéncia de varios agentes estres&ore conjunto como, por
exemplo, déficit hidrico, excesso de luminosidaaléas temperaturas e herbivoria,
disparam respostas ecofisiolégicas coordenadagplaatas, resultando em diferentes
estratégias funcionais (VALLADARES et al. 2004). plantas deciduas perdem suas
folnas nos meses mais secos do ano, como estratigi@conomia de agua
(KUSHWAHA et al. 2010). Ja as plantas perenes, émarsuas folhas, mas ajustam sua
fisiologia, podendo diminuir sua abertura estonaaéa potencial hidrico, aumentando
a eficiéncia no uso da agua, depositando uma camasaespessa de cera epicuticular,
entre tantos outros em varios niveis (FIGUEIRED@IleR015). Dessa forma, a analise
da aclimatacdo de atributos funcionais € uma imaptet ferramenta para a

determinacdo da capacidade de ajuste das plangamédo ambiental.

2.4 Atributos funcionais

Pode-se definir atributo funcional como uma caréstiea da planta, seja ela
morfologica, fisioldégica ou fenoldgica, que inflwm fortemente a performance do
organismo, e/ou @itnessdo individuo como um todo (McGILL et al. 2006; RE @t
al. 2003). Para determinacao da capacidade deadalo das plantas, e a funcao das
populacdes em ambientes sob mudanca, é importaalisaa a relacdo entre o conjunto

dos atributos funcionais foliares e o balanco dbara. Essa relacdo é conhecida como
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espectro de economia foliar e refletetle-offsentre a aquisicdo e a utilizacdo de
recursos pelas plantas (EDWARDS et al. 2014).

As condigbes de um determinado ambiente podemaseideradas como filtros,
que selecionam quais individuos possuem respaspasificas em atributos funcionais-
chave necessarios para se estabelecer e sobreniveomunidade (VIOLLE et al.
2007). Dessa forma, diferentes tipos de atributgpasta foram identificados em
populacdes vegetais submetidas a diferentes tipditrds ambientais. Por exemplo, a
massa foliar especifica e o conteddo de nitrog&ol@ar sdo atributos-resposta
relacionados a altitude (READ et al. 2014); ja ®atale crescimento relativo de
plantulas, forma de crescimento e tamanho do ra@magespostas ao fogo (LAVOREL,
GARNIER, 2002). No caso de areas que passam peneeggdo natural em FTSS, as
taxas de trocas gasosas, a area foliar especificaingestimento em carbono sao
atributos-resposta fundamentais para o entendintenfiwocesso de sucessao ecoldgica
(LOHBECK et al. 2013; NAVAS et al. 2003).

Dentre os atributos relacionados com o balanco a#ooo, um dos mais
importantes € o custo de construcao foliar, quefi@ido como a quantidade de glicose
necessaria para prover esqueletos de carbono, pedi¢tor na forma de NADPH e
energia para a sintese de compostos organicos (WILE et al. 1987). De um modo
geral, plantas com um menor custo de construcdar fapresentam maiores taxas de
crescimento, ja que 0 custo necessario para a g@iodias folhas € baixo (ZHU et al.
2013). Em contrapartida, plantas que apresentanorntaisto de construcédo foliar
investem mais em metabdlitos relacionados a defesap compostos fendlicos, que
sd0 mais custosos em termos energéticos (WESTORY. 28002). Além do custo de
construcdo os beneficios do investimento devem csaisiderados. O tempo de
compensacao de gastos, ou seja, 0 tempo que @ plaocessita realizar fotossintese
para poder suprir os gastos com a producdo dassfathfundamental para entendermos
0 espectro de economia da planta (KARAGATZIDES; EHQN, 2009). Dessa forma,
avaliar tanto o custo de construcdo como o tempeoodgensacao nos fornece dados
importantes sobre a eficiéncia no uso da energiaspécies vegetais (POORTER et al.
2006).

De um ponto de vista funcional, plantas pioneirgaracteristicas de estadios
sucessionais iniciais, apresentam maiores taxagodas gasosas, maior area foliar
especifica, taxas mais rapidastdenoverde folhas e um menor custo de construcao

foliar, 0 que leva a um crescimento mais acelerado,comparacdo com plantas de
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estadios sucessionais tardios (ZHU et al. 2013a Ba plantas pioneiras, um rapido
crescimento € mais importante do que sobrevivéteibngo prazo, pois essas plantas
ndo conseguem manter sua performance ecofisiol@gicambientes mais sombreados
(POORTER; BONGERS, 2006). Ja as plantas de estagiodios apresentam
comportamento oposto, com menor taxa de crescimemnim maior investimento em
metabdlitos de defesa, evidenciado por um maiadtocds construcéo foliar, ja que a
maior diversidade de espécies vegetais em floreséalsiras aumenta a competi¢cdo por
recursos e o ataque de herbivoros (EBELING et(dl4R No entanto, algumas espécies
vegetais pioneiras conseguem se estabelecer ernsaatgperformance em areas mais
avancadas no processo de regeneracdo natural,emareo uma interessante
capacidade de aclimatacdo as diferentes condighbgeitais a que sdo submetidas
(CABRAL; SAMPAIO; ALMEIDA-CORTEZ, 2013). Atualmenteos trabalhos sobre
plasticidade de atributos ou capacidade de aclgaatade plantas focam nas
comparacdes entre plantas pioneiras e secund@&dns acerca da plasticidade de
atributos funcionais da espécie arbdPedncianella pyramidali€m diferentes estadios
sucessionais podem ser encontrados em Falcao(20ak), que é parte integrante deste
projeto de tese. No entanto, este tipo de abordageetente, sendo ainda bastante
deficitario o conhecimento acerca das estratédidigadas por outras espécies com
diferentes histérias de vida.

2.5Espécies Vegetais

O principal critério de selecdo das espécies modesse estudo foi a capacidade
gue algumas espécies vegetais tem de consegustatzekecer, a0 mesmo tempo, em
areas em diferentes estadios do processo de ragéonernatural (CABRAL;
SAMPAIO; ALMEIDA-CORTEZ, 2013). Assim, seria possivmensurar a capacidade
de aclimatacdo de cada espécie, através da cor@ipadag valores de seus atributos
funcionais entre os diferentes estadios de umaosemuéncia de FTSS. Além disso, a
escolha de espécies com diferentes habitos nogdenia informacdes acerca da
estratégia ecofisiologica utilizada por essas espgeara manter sua perfomance em
campo. Dessa forma, foram selecionadas trés espémedelo: Poincianella
pyramidalis(Tul.) L.P. QueirozHyptis suaveolend..) Poit., eSida galheirensit/lbr.

Poincianella pyramidalis(Tul.) L.P. Queiroz é uma espécie arborea, pianeir
endémica da Caatinga, pertencente a familia Fabdb&alA, 2004). Sua distribuicdo

ocorre ao longo de todo o dominio da Caatinga, ssyoutilidade como lenha,
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forragem, uso medicinal e veterinario, e em reatges florestais (SILVA, L. B. et al.
2009). Os individuos apresentam altura média dé 4natros, com tronco de cor cinza
claro. Possui folhas bipinadas, com 5 a 11 folialeernos ou opostos, e flores amarelas
dispostas em racimos curtos e possui alta densidadeadeira (LIMA et al. 2012;
MAIA, 2004). E breve-decidua, ou seja, perde asa®Ipor um ou dois meses no ano,
geralmente a partir de Setembro ou Outubro (AMORIMMPAIO; ARAUJO, 2009).

Hyptis suaveolenglL.) Poit. € uma herbacea ereta, anual, pionpeastencente a
familia Lamiaceae. E nativa da América tropical sratualmente pode ser encontrada
em regides tropicais e subtropicais ao redor dodoudevido ao seu grande potencial
como espécie invasora de ecossistemas naturaifANIS&t al. 2014; PADALIA;
KUDRAT; SHARMA, 2013). Possui poucos ramos laterasmule quadrangular, e suas
folnas apresentam elevada densidade de tricomaslulgaes, armazenando varios
metabolitos secundarios nessas estruturas (MARTRCE;O, 2009; SILVA, A. F. et
al. 2003). Esses metabdlitos formam um 6leo essleaniplamente estudado devido
sua utilizagdo como fonte de vérios constituinéemacologicos e industriais (NAYAK
et al. 2010).

Sida galheirensisUlbr. € uma espécie subarbustiva perene, pioneativa e
endémica do Brasil. Apresenta caule ereto, com Ib@&seosa e ramos cilindricos
revestidos por uma extensa pubescéncia. Possuaisfaimples com limbo lanceolado
ou ovalado, e flores de coloracdo amarelo-ouro, otanchas avermelhadas na base
(MOREIRA; BRAGANCA, 2011). Essa espécie é bastantéizada na medicina
popular, sendo utilizada como antiinflamatério, lgésico e sequestrador de radicais
livres (SILVA, D. A. et al. 2006; FRANZOTTI et a2000). Ocorre principalmente em
areas antropizadas (AMORIM, B. S. et al. 2009).
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Abstract

The plasticity of functional attributes is an imfaott strategy for the acclimation
and establishment of plants in areas that undeegoral regeneration. The irregular
rainfall of the Brazilian tropical dry forest is amportant environmental filter for the
determination of the set of species that can ssbtags establish in different stages of
the regeneration process and influences the plaotination responses to the
environmental conditions at each stage of ecolbginacession. In order to test the
hypothesis that pioneer plants which can estaliisimselves, at the same time, in areas
at different stages of regeneration have high ptypno plasticity, we investigated the
endemic tree speciéincianella pyramidaligull., which can be found in all stages of
the regeneration process in the Brazilian tropicglforest. Three areas were selected at
different successional stages (early, intermediate late), and the functional attributes
of water status, gas exchange, leaf nutrients,ifepéeaf area, leaf construction costs
and payback time were assessed. In the three simtalsstages all individuals had
similar age. Measurements were taken in April,tfeo consecutive years, a dry and a
wet. The evaluated parameters in this study shaedges according to successional
stage. The highest leaf water potential was founthe late stage in the rainy year and
lowest in the dry year. This behavior may be relaten addition to soil water
availability, to a stronger competition for rescegdn these areas. Gas exchange and
nutrient use efficiency were higher in 2013 andha late successional stage, which
exhibited higher soil moisture, a lower vapor puessdeficit and higher nutrient
mobilization. There were no differences in the ¢amgion cost per unit mass between
the stages, but differences in specific leaf aszhtb changes in cost per area. The
payback time was shorter in the wettest year. Rerdriest year, the late stage showed

greater energy use efficiency. The results show tia phenotypic plasticity oP.
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pyramidalis’ attributes varies according to the successionajestddowever, the
strongest differences are observed between yeamspmstrating that water is the main

factor that coordinates the functional changescamders its ability to acclimatize.

Keywords: leaf construction cost; natural regeneration; paéwnespecies;

photosynthesis; semiarid
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1. Introduction

Functional traits are important proxies of plargp@nse to environmental conditions
(Violle et al. 2007). These conditions impose d#fg selection forces in plants and
controls, to some extent, intra-specific differenae functional traits (Poorter, 2009).
The ability to adjust the expression of various raitgpes according to environmental
conditions is known as phenotypic plasticity (Nreoet al. 2010). In previously and
currently disturbed environmental succession argéssticity can lead to partially
adapted phenotypes, thereby accelerating the adagotd evolutionary processes of the
plant species (Lande, 2009).

Environmental succession, which is caused by cleimgthe environment, results in
mosaics of areas at different stages of naturametion. These areas are becoming
more common in tropical dry forests, which are rhailocated in South America,
mainly due to the strong anthropization (Quesada.2009; Santos et al. 2011; Lopes
et al. 2012; Santos et al. 2014). According to @bbt al. (2013), 80% of Brazilian
tropical dry forests are successional, and 40% ragntained in initial stage of
regeneration.

Generally, a structural perspective is used to ysttlte process of natural
regeneration, like the species composition of eardtessional stage. However, from a
functional standpoint, the ecosystem recoversuigtionality even before full floristic
restoration to preconditions (Guariguata and Casger2001). Thus, the study of the
functional attributes of key plant species involhiadregeneration processes in these
ecosystems is of fundamental importance (Griscoah. 009).

Because the conditions of successional forest d&gb#re not constant in time and
space, the assessment of ecophysiological procgssdisularly those related to carbon

investment) is important to the understanding olvhaants are able to adapt and
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establish themselves. The acquisition of carborplayts is determined by multiple

functional attributes, such as net photosynthelgaf nitrogen concentrations and
specific leaf area (Shipley and Almeida-Cortez,2@oorter et al. 2006). Plants invest
photoassimilates in the construction of leavesa@hdr parts, in nutrient acquisition and
metabolism maintenance (Wright et al. 2004). Thatienship between the acquisition
and use of acquired resources is known as thestmafomics spectrum, and it directly
influences plant growth rates (Marino et al. 20B0yards et al. 2014).

The leaf construction cost is defined as the amotigtucose necessary to construct
carbon skeletons, reducing power in the form of NMADand energy for organic
compound synthesis and it is indirectly relatecokant growth rates (Williams et al.
1987). For plants with low leaf construction cogisergy investment in building a new
leaf, rather than in strategies to maintain the lelves, is more biochemically and
structurally economical (Poorter and Bongers, 2006y et al. 2013). On the other
hand, plants with high leaf construction costs @arest their resources in defense
metabolites, which are costly in terms of energye§by et al. 2002). Thus, the
construction cost, associated with payback timee, (the time required by the plant to
offset the expenses of leaf construction throughpttiotosynthetic process), provides us
with an important measure of the energy use effygPoorter et al. 2006).

Studies to date have not reached a consensus irggavtlich attribute, or set of
attributes, are able to provide plants with sigrifit phenotypic plasticity. The plasticity
of traits in relation to phenology, flowering timgged longevity, is well documented
(St. Clair and Howe, 2007; Morin et al. 2009; Kocél et al. 2010). However, some
studies point higher indexes of phenotypic plastion physiological traits such as
maximum CQ assimilation, dark respiration and maximum quantefficiency of

photosystem I, in detriment of structural traitgalladares et al. 2000; Koehn et al.
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2010). It is clear that variations in functionalridiutes depend on the plant species, the
choice of the attributes to be analyzed and theremwent to which the plants are
subjected. Furthermore, most studies on plasti@ghd succession involve the
assessment of pioneer plants compared with laagesplants, since plant species
exhibit different ecophysiological responses whieaytare analyzed during different
successional stages (Navas et al. 2003; Navas 20HD; Zhu et al. 2013). However,
some pioneer plants are able to establish, ataime $ime, in areas in different stages of
succession.

Thus, this study attempts to elucidate the funetiomaits that allow plants to
maintain their performances throughout the sucoasgrocess by evaluating the
ecophysiological and functional attributes of angier and endemic tree species in a

tropical dry forest, in areas that are under déifieperiods of regeneration.

2. Material and Methods

2.1. Study area and plant material

The study was conducted in the month of April dgrihe years 2012 and 2013, in a
chronosequence of three successional stages a@fsarssly tropical dry forest (TDF),
Caatinga, in Tamandué Farm (06°59'13" to 07°008L.4hd 37°18'08" to 37°20'38" W),
located in the Santa Terezinha municipality, PaaBrazil. The study area is at an
average altitude of 240 meters and contains th#doshand low-fertility soil type
Leptosols (Embrapa, 1997). The mean temperatureaandal rainfall of the city are
32.8°C and 600 mm (Fig. 1). In 2012 and 2013, tleawdative rainfall levels up to
April were 257 mm and 338 mm, respectively. Ralntehs recorded monthly at a
meteorological station that was installed in thedgtarea. In April, the rainfall levels

totaled 35 mm in 2012 and 84 mm in 2013, which amwdi to a difference of 140%
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149  between the years. The environmental data from 2022013 are presented in Table
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160 Table 1.Rainfall, average temperature, soil moisture ambwv@ressure deficit in April
161 of 2012 and 2013 in three different successionatjes. Santa Terezinha, Paraiba,
162  Brazil.
L . . Vapor
Stage Year Pre(crlrf);:?tmn TeTE)ce:;ature Soil l(\(/)l/o)lsture Pressure Deficit
’ (kPa)
Earl 2012 35 32.6 2.15 1.50
y 2013 84 32.1 11.07 1.69
Intermediate 2012 35 32 1.86 2.38
2013 84 30.6 11.88 1.15
Late 2012 35 29.2 1.25 1.63
2013 84 28.5 12.80 0.70
163
164 Each successional stage was represented by anTaearea in early succession is
165 in natural regeneration for 21 years, and the imégliate area is in succession for 43
166  years. The early successional area was submittedeswcutting in 1965 for cotton
167  planting, and in 1970 the cotton plantation wadaegd forCenchrus ciliarisL. (buffel
168  grass) and used by cattle for pasture before badagdoned in 1992. The intermediate
169  successional area was also submitted to a cleagutt 1965 for cotton planting,
170  however was abandoned in 1970. There is no reg$triearcutting in late successional
171  area or major disturbances since 1950 (Freitals 2042; Silva et al.2012).
172 Fertilizer was not applied to any of the areas, @an2007, they were all surrounded
173  with barbed wire to prevent the entry of cattleatgoand sheep. In each area, a 50 x
174  20m plot was delimited with a 5 m edge on all feides. The chemical and physical
175  properties of the soil surface layers were preskimé&reitas et al. (2012).
176 In a phytosociological survey of tree species miadthe study area, Cabral et al.
177  (2013) have identified 6 species and 3 familieshia early stage of regeneration, 15
178  species and 10 families in the intermediate stagd,21 species and 12 families in the
179 late stage, with predominance of the Fabaceae yamithe three areas. The average
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density was 0.083 individuals ‘min the early stage, 0.113 individualsnin the
intermediate stage, and 0.093 individual$ im the late successional stage. The shoot
biomass was 29.9 Mg Hain the early stage of succession, 37.5 M{ i the
intermediate stage and 49.4 Mg'a late stage.

The plant species that was used in this study Ra@acianella pyramidalisTull.
(Fabaceae), which is a native pioneer and endemgie Species that is highly
representative of the Brazilian TDF. According tallddares et al. (2007), to avoid
conclusions concerning to an age-dependent pheootgriation in leaf traits, we
selected plants with the same age in all succeslsstages. To determine the age of the
plants, the diameters moving method described f@o et al. (2008) was used,
through linear regressions as a function of diamatéreast height (DBH). The results
showed that all individuals, in the three successictages, had an average age of 21
years. Despite being a pioneer speckespyramidaliscan also be found colonizing

intermediate and late areas during the naturahesgéion process.

2.2. Leaf water potential and soil moisture

The leaf water potentialy() was determined according to Scholander et ab4)1L9
using a Scholander’s pressure chamber (Soil Meigtgquipment Corp., Santa Barbara,
CA, USA). The measurements were performed durimgptedawn (05:00) on fully
expanded and undamaged leaves off our individuata the three successional stages.
Soil moisture (SM) was obtained at a depth of 30atiiive sites from each area using a

soil moisture meter (HFM 2030, Falker, Porto Ale@R).
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205 2.3. Gas Exchange

206 Gas exchange measurements were performed usingfrarred gas analyzer (LCi,
207  ADC Bioscientific, Hoddeston, UK). All evaluatiomgere performed on fully expanded
208 and undamaged leaves from four individuals on suang cloudless days in the
209  morning (07:30). This measurement time was detexchipllowing the construction of
210 a gas exchange daily curve in the field (data rmaws), for which the saturating
211 photosynthetic radiation that was experienced®bgyramidalisin its natural conditions

212 in the study areas (1500 pmol?ns’) was observed. Stomatal conductangs, (
213 maximum net C@assimilation (Aay and transpiration rates (E) were measured at each
214  of the successional stages. The intrinsic waterefifsgency (IWUE) was determined

215 by the ratio between net G@ssimilation and stomatal conductance.

216
217 2.4. Leaf contents and nutrient use efficiency
218 For the quantification of nutrients (nitrogen, pplosrus and potassium),

219  approximately 3@°. pyramidalisleaves from four individuals were collected, driech
220 forced air oven at 60°C for 72 hours and grounénnindustrial blender. They were
221 then digested in an acid solution,@0) in a digester block at 350°C to obtain plant
222 extracts, and the total N content was determinech fan extract titration with HCI after
223 the addition of boric acid and a colored indicgfinomas et al. 1967). The phosphorus
224  content was determined spectrophotometrically (8pplotometer 600S, FEMTO, Séo
225 Paulo, BR) according to Murphy and Ryley (1962)ngsa concentration curve for
226  phosphorus. The K content was determined by flahgmetry (DM-62, Digimed,
227  Sao Paulo, BR) using a solution of 5 ppm K as adstad (Silva, 2009). Photosynthetic
228 nutrient use efficiency was determined by the ratfomaximum CQ assimilation

229  (Amay and the leaf content of each nutrient.
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2.5 Leaf construction costs and payback time

Thirty healthy and fully expanded leaves from fodividuals were collected in the
three successional stages. The leaves were scamm@dheir areas were determined
using the program Image - Pro Plus 4.5 (Media Qyit@ss, Inc., Rockville, US). After
determining the leaves areas, the leaves were driadorced air oven at 60°C for 72
hours and weighed on a precision balance (HR-20D ATokyo, JP). Specific leaf
areas (SLA) were determined by the ratios betweahdreas and dry masses (cm2 g-
1).

To obtain the ash contents (g g1 g of dry matter was weighed on a precision
balance and then placed in a muffle, where it reagthiat 500°C for 6 h. The ash
contents were determined by the pre- and post-muwiiight differences (Li et al.
2011).

The calorific valuesAHc KJ g*) were obtained by the combustion of 500 mg of dry
matter in a calorimeter (C200, IKA, Heitersheim, )Cdecording to Villar and Merino
(2001). The results were determined by the formtildc = calories / (1-ash). The leaf
construction cost per unit mass (g glucé¥egas calculated using the results of the ash,
nitrogen concentration antHc according to Williams et al. (1987): G&s= [(0.06968
AHc - 0.065) (1 - ash) + 7.5 (kN / 14.0067)] / GHese k is the state of the oxidation
of nitrogen (+5 to -3 for nitrate and ammonium)d&E is the growth efficiency that is
estimated to be 0.87 (Penning de Vrieset al.19VH¢. leaf construction cost per unit
area (g glucose 1) was calculated as the ratio between,Ggnd SLA.

The payback time was calculated from the ratio betwthe leaf construction cost

(CChasy and the maximum CgQassimilation value, which were both expressedupér
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mass (Navas et al. 2003). The results were exmtdssdays, considering a 12-hour

period to be a day, relative to the photoperiod.

2.6. Statistical analysis

The criterion for selection of plants to be anatixeas the same age. The selected
plants were marked to make sure that the measutemare performed in the same
individuals in the two consecutive years. Data veerigiected to factorial ANOVA, with
two independent factors: the successional stagettadear. Significant differences
were compared by the Student Newmna-Keul's teat5® probability. The statistical

software used was the STATISTICA 8.0 (Statsoft,lfalsa, USA).

3. Results
3.1. Water Potential

The higher leaf water potential was observed inpllaats located in the late area in
2013, the most wet yealP€0.05), and the lower in the same area in 2012mbst dry
year (Fig. 2). The difference was about 13-foldaeetn the years in the late area. The
leaf water potential was higher in all areas in2@hen compared with 2012. However
the greatest differences in water potential wereeoled in 2012, with the initial area
showing values 93% higher than the late afee0(05), an opposite pattern to that

found in the wettest year.
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Fig. 2. Leaf water potential dP. pyramidalisin three different successional
stages over two consecutive years. Bars + SE Wwihsame letter are not

significantly different by Student Newman-Keul stt€5%), n = 4.

3.2. Photosynthetic capacity

The stomatal conductance was higher in the plantseolate area in 2013, and the
lower value was found in the initial and intermeeiareas in 2012°(<0.05), a 4.5-fold
difference (Fig. 03A). When we observe the yeapassely, 2013 showed the greatest
values for all successional stages when compartketdriest yearR <0.05).

The maximum net COassimilation rate followed the decrease or in@eas
stomatal conductance (Fig. 3B). The plants in #te &rea in 2013 showed the greatest
Anmax With values 3.5-fold higher, in average, thansthobserved in all areas in 2012,
which showed the lower values and did not diffeggnificantly between them

(P>0.05).
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There were no differences in transpiration ratesragnsuccessional stages in 2012
and 2013 P>0.05) (Fig. 3C). The transpiration rate was higime2013 than in 2012
(P<0.05). The largest increase over the years wasredd at the intermediate stage,
with rates that were 17-fold higher compared witbhse that were measured in 2012
(P<0.05).

The intrinsic water use efficiency (IWUE) was gegain the plants located in the
initial area in 2012K<0.05), a value 63% higher, in average, than tHosed in all
areas in 2013 (Fig. 3D). It is important to notattthe greatest difference was observed
between the initial and the late areas in 2012dtiest year, with a difference of 137%

(P<0.05).
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Fig. 3. Gas exchange @&. pyramidalisin three different successional stages over two
consecutive years. (A) stomatal conductance; (BYimam net CQ assimilation; (C)
transpiration; (D) intrinsic water use efficien®ars + SE with the same letter are not

significantly different by Student Newman-Keul stt¢5%), n = 4.

3.3. Changes in contents and nutrient use effiogsnc

The greatest values of leaf N concentration weienked in all successional stages
in 2013, when compared to 2012 €0.05). The lower N content was observed in the
late area in 2012, with a difference of 31%, inrage, between the successional stages
in 2013 (Table 2). The photosynthetic nitrogen effieiencies were significantly higher

in the late stage in 2013, when compared to aéragineas in the two yea® €0.05).
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The leaf P concentration did not differ betweendtages in 2012 or 2018%0.05).

In 2012, the leaves contained, in average, 2-folsremphosphorus than in 2013
(P<0.05). The plants in the late stage showed a glntbetic P use efficiency7-fold

higher than all successional stages in 2(R20(05), which showed the lower P use
efficiency.

The leaf K concentration was, in average, 4-folghbr in all successional stages in
2012 when compared to 201B<0.05). The photosynthetic potassium use efficiency
was greater in the plants of the late stage in 2848 was always higher than 2012 for
all successional stageR<0.05).

The N:P ratio was higher in 2013 in all succesdisteges when compared to 2012,

with a difference of 152%, in averade<Q.05).
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N:P
Stage Year N] PNUE P] PPUE K] PKUE
Ratio
g.Kg* (kmol C mmol N) g Kg*! (umol C mmol P) g Kg* (umol C mmol K)
2012 20.3+0.3 bc 69.8+27c 39+05a 86316&.7 c 89+0.7a 4475+ 29.7 c 6.4+09b
Early
2013 26.2+13a 1189+19b 16+0.1b 428(386.1b 1.9+0.07b 4926.5+448.2 b 16.2+x15a
2012 23.0+0.8b 40.4+26¢C 40+0.2a 513% B8 a 108+1.2a 251.2+39.0c 57+0.1b
Intermediate
2013 26.3+1.0a 129.2 + 3.5b 1.6+0.04b 470Bbx2b 24+£02b 3922.8+369.5b 164+t11la
2012 194+13c 57.7+43c 31+05a 79818%.2 c 72+x15a 446.7 £89.6 C 6.2+£09b
Late
2013 253+x05a 189.5+3.7a 1.8+0.1b 578348%.6a 1.9+0.2b 7795.7 £+828.4 a 13.8+1.3a
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3.4. Specific leaf area and energy costs
The SLA was higher in 2013 than in 20%(0.05) with the exception of the initial
stage. In 2013, the specific leaf area (SLA) waghéi in the initial and late stage in

2013 P< 0.05), and lower in the late stage in 2012, tedkhce of 84%.

2504 [ Early
[ Intermediate

B Late a a
2004 I
b b

—~ |
NCD 150- c
e
(&)
N
< 100
a
(0))]

50

0

2012 | 2013

Fig. 4. Specific leaf area d?. pyramidalisin three different successional
stages over two consecutive years. Bars + SE wéalsame letter are not

significantly different by Student Newman-Keul stt¢5%), n = 4.

No differences were observed in leaf constructiosts per unit dry mass among
successional stages in either 2012 or 202:30(05) (Fig. 5A). However, the values
were, in average, 9% higher in all successionglestan 2013 when compared to 2012
(P<0.05). As construction costs per mass, the lea$tcaction cost per unit area did not
differ between successional stages in 2012 or ZB%8.05) (Fig. 5B) but, contrary to
what occurred in construction costs per mass, #heeg were 32% higher in all stages

in 2012 P<0.05).
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356 The higher payback times were observed in theaindnd intermediate areas in

357 2012, and the lower in initial and late areas i@ difference of 50%4°(<0.05).
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359 Fig. 5. Leaf construction cost of. pyramidalis in three different
360 successional stages over two consecutive yearsc@Agtruction cost per

361 unit of dry mass; (B) construction cost per unitledf area; (C) payback
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time. Bars £+ SE with the same letter are not sigaiitly different by

Student Newman-Keul’s test (5%), n = 4.

4. Discussion

4.1. Water status and gas exchange: alterationeegponse to successional stage
and water availability

Our dataset shows th&. pyramidalisresponds quickly to small changes in the
environment, such as variations in annual rairgiatl VPD, and the differences between
micro-habitats that are formed at each successistagke, showing great plasticity in
response to changing environmental conditionsrretand space. The most striking
differences, however, were found among the dry 220and wet (2013) years,
confirming that the main environmental filter limnigy the photosynthetic performance
and growth of this species was water availability.

The leaf water potential was higher in all areasrduthe rainy year compared with
the dry year. Furthermore, we expected the watempial of P. pyramidalisin the late
stage to be greater than those in other stagdwitwto years of the study. There is a
gradient of desiccation risk along the successigmatcess, with late areas having
greater soil water availability and lower temperasuand VPD, which would lead to
higher water potentials of the plants in conseraeeelas (Lebrija-Trejoset al. 2011;
Pineda-Garcia et al. 2013). Such behavior was wbdan the wet year but not in the
dry year, with the late-stage plants exhibiting ater potentials compared with of the
intermediate and initial stages. It is possibld tiat only the environmental conditions
but the floristic compositions of the plant comntynof the area itself played an
important role in the water statusff pyramidalis In the studied area, the late stage of

regeneration had the highest species richness datspwith greater heights,
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circumferences at breast height and shoot biomd&sswral et al. 2013). Higher and
more developed plants are more efficient compstitor resources, such as water and
nutrients (Falster and Westoby, 2005). Thus, pléwois the late stage of regeneration
show more developed root systems that were ableéply penetrate soil layers in
search of water. In the driest year of 2012, the-$@age plants most likely quickly
exhausted the available water supply from the soinpared with those of the
intermediate and initial stages, leading to a nmagative water potential.

The good hydration status of the plants in 2018wvald them to much more
efficiently photosynthesize compared with thosemr@d012, and they also exhibited
higher rates of gas exchange, mainly in the lagestait which the soil moisture levels
were higher and VPD was lower. Whén pyramidalisreaches a water potential of
between -2 and -5 MPa in the dry year, gas exchaaggs are altered, leading to
reductions ings, and consequently, in GQassimilation. The plants maintained low
water potentials during this period and a low amdilar assimilation rates between
successional stages, indicating that even aftezhne@ extremely negative predawn
values, the plants did not reach the wilting powmhich would be expected in plants
with high drought tolerance (Bartlett et al. 2012Z)pparently, the reduced water
potential was the main strategy that was used byptant to decrease desiccation and
maintain basal rates of photosynthesis. Becausshbet:root ratio is high in trees, a
reduction in transpiration via greater stomatakuale prevents excessive water loss in
cases of low water availability and protects thdraulic architecture of the plant, even
under conditions of low leaf water potential (Britsthrand Holbrook, 2003; Rivas et al.
2013). The maintenance of photosynthesis even umdery restrictive water regime is
a common characteristic of native deciduous plamt§DF, that need to accumulate

energy during the short periods of the year wheay tipossess leaves, while
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concurrently conserving as much water as posstrifa et al. 2010; Santos et al.
2014).

Aside from the higher stomatal conductance that waserved in the late
successional stage, the gas exchange rates ind2@1#t differ between the different
successional stages because the plants maintaihedasal rates of photosynthesis due
to the severe water restrictions. The IWUE, howgwshliowed contrasting patterns,
being highest at the early stage and lowest atatieestage, possibly due thevalues
that were presented by plants in this area in @&ssmec with the lower leaf water
potential and low soil moisture levels.

An opposite pattern of higher IWUE in late stagas bften been reported in works
studies that have been performed in humid tropacasubtropical forests, which is
where ecological succession research is most frelyuperformed (Quesada et al.
2009; Pineda-Garcia et al. 2013; Zhu et al. 20I3¢. patterns and processes governing
ecological interactions in addition to the estdbtient and performance of the species
along the successional process differ between meetley forests, which are particularly
due to the environmental filters that confer thersgest affects, including light in
rainforests and water in dry areas (Vieira and i8ta2006; Hennenberg et al. 2008;

Lebrija-Trejos et al. 2011).

4.2. Mobilization and photosynthetic nutrient liation

Plants that colonize tropical forests in early set@y succession show low foliar
nutrient contents, which increase due to their axdation in the soil over time (Boeger
et al. 2005; Davidson et al. 2007). The foliar eantcations of N, P and K, in general,
did not differ between the stages in the same ye#rnis work despite the analysis of

soil from areas presenting trends of increasesomesnutrients, particularly P and
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organic carbon, along the successional processtdgret al. 2012). In addition to
availability in the solil, the water status of tHar is a key factor in the mobilization of
nutrients from the soil to the leaves (Durand €CHO0). Drought adversely affects the
acquisition, assimilation and allocation of nutteeramong plant organs (Gonzalez-
Dugo et al. 2012). Thus, when tH& pyramidalis plants presented lower water
potentials and leaf nutrient contents in 2012, inhetntal effects on metabolic processes
were observed.

Because basal rates of photosynthesis were obser\Rdpyramidalisin 2012, the
lowest leaf N concentration was associated with dwse efficiency, indicating that
little nitrogen was being mobilized to the photawatic process in the form of proteins,
especially Rubisco (Zhu et al. 2012). In addititme accumulation of P and K in the
leaf, and low use efficiency by the plants, demastl that molecules, such as ATP
and NADPH, were produced or consumed in small duesit and key enzymes for
photosynthesis ceased to function (Soleimanzadelal.et2010). These data are
corroborated by the N:P ratios, which indicated titaotosynthesis was limited in the
driest year by the amount of nitrogen in the legaserselman and Meuleman, 1996).
In 2013, the greatest water potentials and highigatyothetic rates d?. pyramidalisin
association to the increased availability of N emuthe N use efficiency to be higher
compared with that 0f2012, especially in the ldggs, and photosynthesis was limited

due to phosphorus leaf concentrations.

4.3. Leaf construction costs and leaf energy useeicy

Specific leaf area is a key functional trait thatynallow for the understanding of the
ecophysiological behaviors of plants because gatlly influences the photosynthetic

capacity and resources use efficiency, such as, gdter and nutrients (Shipley et al.
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2005; Nouvellon et al. 2010). In general, spedi#iaf area tend to be higher in plants
that colonize areas that are at the early sucaessgiage, where the investment in
growth is more important than the investment inilaites that allow for the long-term
persistence of plants, such as the production f#nde compounds (Zhu et al. 2013).
This behavior was observed By pyramidalisin 2012, which was the driest year. It is
interesting to note that although there were difiees in specific leaf area, leaf
photosynthetic rates were similar in all successi@tages. The intraspecific variation
in several functional attributes, including spexiéaf area and photosynthesis, has been
demonstrated to occur along gradients of waterlabidty (Martinez-Vilalta et al.
2009). This can be observed mainly in the initi@ge of succession, which had a
higher specific leaf area compared with those ef ather stages, especially in 2012.
Because the photosynthetic ratesPof pyramidaliswere much higher in 2013, it is
possible that the water was the determining faictarontrolling this attribute because
the initial stage in 2012 was associated with higbaf water potential and increased

IWUE.

During the process of natural regeneration, piospecies, such d&. pyramidalis,
have high rates of growth and survival, and théseacteristics may be associated with
low leaf construction costs; i.e., these plantsuireqless energy and use it more
efficiently for the production of biomass than tbaxf the late successional stages (Liu
et al. 2013; Martinez-Garza et al. 2013). Our rissdid not indicate any differences in
the investment of carbon per unit mass among treethuccessional stages. However,
in the wettest year, the plants spent more enengiomass production. This greater
amount of energy expenditure in the wettest yeas Vieely directed toward the

production of larger amounts of structural carbohtes, such as cellulose,
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hemicellulose and pectin, as can be observed ioceg®n with higher specific leaf
area, which are cheaper to the plants from an grEgspective (Poorter et al. 2006).
The major differences in leaf construction costsenabserved when this parameter
was expressed per unit area. This is due to difte® in specific leaf area. Plants that
have high specific leaf areas have higher leaf Narts, suggesting that most of the
energy is used for protein synthesis, mainly inftdren of Rubisco, which contributes to
higher photosynthetic rates (Villar and Merino, 2pP@s was observed i pyramidalis
in 2013 to occur mainly in the late stage, whenewatailability was higher. Not only
the leaf construction costs but also the benefith® investment must be determined
(Karagatzides and Ellison, 2009). Thus, paybacletoan be used as a measure of
energy use efficiency, reflecting the energeticdiién for the plant (Poorter et al. 2006).
The payback time, and consequently leaf turnovess,vin general, lower in all three
stages in 2013 compared with 2012, possibly dukddigh rates of photosynthesis and
low leaf construction costs per unit area that wasserved. According to Kikuzawa
(1991), leaf longevity decreases with increasedgdymthetic rates, and increases with
increased leaf construction costs (Shipley et @062, which was supported by this
work. It should be noted that in 2012, the lateystplants showed the lowest payback
time despite their low rates of photosynthesiss possible that these plants produced
smaller leaves as a strategy to decrease the hiatevas required to recoup the costs of
leaf construction (Poorter et al. 2006) as can lieewved by the alterations in specific
leaf area. These results show the importance opitegerved areas conservation in the
Brazilian TDF because the lates tage plants weneodstrated to use energy that was
acquired from photosynthesis more efficiently, eventh the basal rates of

photosynthesis and lower water potential that aeclin the dry year.
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From the results that are presented here, we adac¢hatP. pyramidalishas a high
plasticity of its functional attributes, and consenqtly, a high capacity for acclimation
to environmental changes by altering its physialagimechanisms to survive, even at
the expense of productivity and biomass generatibis also clear that the main
limiting factor that shaped the ecophysiologicadp@nse of this species was water
restriction, and attributes that were related touptake of water and the maintenance of
water status were the main contributors to thié lugpacity for acclimation. Our results
suggest that in studies of TDF leaf water potengjat exchange and payback time must
be maintained among the attributes that are ewadudtuture studies should also
include hydraulic conductivity to better characterthe ability of the plant to transport
water. Due to its ability to adapt, without majoanadage, to very contrasting
environmental conditions, which is demonstrated itsy successful establishment
indifferent stages of succession, fAepyramidaliscan be considered to be important

species in the management and reforestation ohdedrareas.
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Figure legends

Fig. 1. Time series of annual rainfall (mm) and mean ahteraperature (°C) over the

past ten years in the Santa Terezinha municip&yaiba, Brazil.

Fig. 2. Leaf water potential dP. pyramidalisin three different successional stages over
two consecutive years. Bars + SE with the samerlatte not significantly different by

Student Newman-Keul’s test (5%), n = 4.

Fig. 3. Gas exchange d?. pyramidalisin three different successional stages over two
consecutive years. (A) stomatal conductance; (Byimam net CQ assimilation; (C)
transpiration; (D) intrinsic water use efficien®ars + SE with the same letter are not

significantly different by Student Newman-Keul stt¢5%), n = 4.

Fig. 4. Specific leaf area oP. pyramidalisin three different successional stages over
two consecutive years. Bars + SE with the samerlette not significantly different by

Student Newman-Keul’s test (5%), n = 4.

Fig. 5. Leaf construction cost d®. pyramidalisin three different successional stages
over two consecutive years. (A) construction castymit of dry mass; (B) construction
cost per unit of leaf area; (C) payback time. BAISE with the same letter are not

significantly different by Student Newman-Keul stt¢5%), n = 4.
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ABSTRACT

1.

Pioneer species have different ecophysiologicalpaoases to secondary
species. However, some pioneer plants may settihier successional stages,
and the strategies used by them are not yet fultierstood.

In order to investigate the acclimation respons@lahts established in areas
going through different successional stages, wesored gas exchange, water
potential, nutrient use efficiency, specific leaka phenolics content, leaf
construction cost and payback timeRdincianella pyramidaligtree), Hyptis
suaveolengherb) andSida galheirensigsubshrub) in a chronosequence (early,
intermediate and late) of a seasonally tropicalfdrgst in three different rainy
seasons.

The late stage plants showed, in general, highnvpatential and gas exchange
rates, which were influenced by the nutrient ugeiehcy and N:P ratio. The
construction cost was also higher in the late sthgeto high phenolics in the
herbaceous and subshrub species, and long-liveddea the tree species, but
payback time was higher only i6. galheirensis.From all traits, water
potential, nutrient use efficiency and specific flemea had the highest
acclimation capacity.

The results show that the analyzed species havaldiity to adjust their leaf
economics spectrum according to the regeneratioe tof the forest and
environmental conditions. The most markedly resulése related to rainfall
regime, since the water is the main environmeni&rfthat coordinates
ecophysiological responses in seasonally tropiagl fibrests. For their
acclimation capacity, these species can be impoaigents in the recovery and

conservation of forest landscapes programs.
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INTRODUCTION

The evaluation of the ecophysiological performantelant species may produce
very important results that help to understandfiitere scenario of tropical dry forests
related to global and regional climate change fasex (IPCC 2007; Comita &
Engelbrecht 2009; Santad al. 2014). The ability to show plastic responses éy k
functional traits, depending on the variation iviemnmental conditions, is essential to
the establishment and reproductive success of lamt environments that are
heterogeneous in time and space (Gratani 2014% A¢tierogeneity is accentuated in
areas undergoing natural regeneration processes itfilmences the resources
availability according to the gradual replacemeinsmecies, and selects plants that are
able to adjust their traits to new environmentaldibons (Luet al 2015).

Areas undergoing ecological succession processes bacoming increasingly
common in Seasonally Dry Tropical Forests (SDTRp(Eto-Santoet al 2009). In
Brazil, which has one of the largest dry forestaarm the world, approximately 80% of
its SDTF are successional (Milesal. 2006; Cabragt al. 2013). Moreover, the extreme
rainfall irregularity of this ecosystem directlyfedts the ecophysiological performance
of plant populations, since water is the main lingtfactor to growth and biomass
production in SDTF (Santa al 2014).

Plants can use carbon acquired by the photosyatbebicess in the production of
leaves, nutrient acquisition, metabolism mainteramcre-investing it in leaves (Wright
et al 2004). The change in some foliar key traits, specific leaf area, maximum GO
assimilation rate and leaf nutrient content, ieveht to the identification of plant
responses to environmental conditions (Westoby &igWiir2006). The relationship
between leaf traits and carbon balance in plantfumslamental to understand the

function of populations in environments undergoohgnges. This relation is known as



939

940

941

942

943

944

945

946

947

948

949

950

951

952

953

954

955

956

957

958

959

960

961

962

963

69

leaf economics spectrum and reflects the tradektareen the acquisition and the use
of resources by plants (Edwareisal 2014).

Changes in leaf traits take place at various leveisth morphological and
physiological, and provide the adjustment capawégded for the species to maintain its
performance after the environment change eventl@gdv& Mulkey 2014). However,
Grataniet al (2006) suggest that variations in physiologidétilzutes are faster and
more intense, especially under stress conditiohsis;,T parameters of photosynthetic
metabolism, water relations, capture and efficieimcthe use of nutrients are important
factors in determining the acclimation capacitylaint species.

From a functional point of view, pioneer plantsacteristic from areas in early
stages of natural regeneration, are different ffate-stage plants. These have higher
gas exchange rates, higher specific leaf areaghigtowth rates and lower investment
in leaf production (Zhet al 2013). This lower investment is evidenced byvaelioleaf
construction cost, that is, a lower expenditureglicose and reducing power in the
form of NADPH in the production of leaves (Willianet al 1987), and a shorter
payback time due to higher rates of photosynth&siaizawaet al. 2013).

The studies involving functional responses and aggodl succession, in general,
focus on the differences between pioneer and latetp (Navaset al 2010; Zhuet al
2013). However, in the Brazilian SDTF, some piongant species have the ability to
establish themselves, at the same time, in morearedd areas of the natural
regeneration process, adjusting their functionaltdrin response to the biotic and
abiotic conditions of each successional stage @abal 2013; Falcaet al 2015).

It is known that plants with different habits shadifferent ecophysiological
responses when exposed to the same environmdteed {iPimentekt al 2004; Shiet

al. 2015). In a meta-analysis performed with globaiadof gas exchange and water
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status, in drought conditions, Yahal (2016) found that herbaceous species had lower
CO, assimilation rates, stomatal conductance, traatpir and water potential than
trees and shrub species. According to Maeh@l (2010) gas exchange is part of the
leaf economics spectrum and influence parametets &sithe leaf construction cost and
payback time. Thus, species with different habitgynmave different strategies of
survival and energy investment throughout the @étiggeneration process. Such data
are important in determining the ecophysiologicagponses of different functional
groups over time.

The aim of this study was to identify how threenplapecies from different habits
adjust their leaf functional traits in response ttee successional stage in three
consecutive rainy seasons in a chronosequence ©FSOur hypotheses were (i) the
leaf construction cost will be higher in plantsaddished in late areas, independent of
the growth habit. Furthermore, they will have aheigpayback time; (ii) the responses

of physiological traits are more marked betweenyaeasons than successional stages.

MATERIALS & METHODS
Study area, growth conditions and plant material

The study was conducted in a chronosequence caso8ally Dry Tropical Forest in
the Brazilian Northeast (06°59'13" to 07°00'14"rf8l 87°18'08" to 37°20'38" W). The
area has an average altitude of 240 m and a UWitbasol soil (EMBRAPA 1997). The
temperature and annual rainfall are, in averaged°82and 600 mm, respectively. All
samples were collected in April, considered thekpehthe rainy season in three
consecutive years, from 2013 to 2015. A historigesecovering the last ten years,

regarding annual rainfall data, annual temperaawerage and accumulated rainfall
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until the month of April, is shown in Figure 1, a®ll water balance in the study area
from January to April of the three years of coliect

The chronosequence used in this work was reprebdmtdhree areas at different
stages of natural regeneration: early, intermedetd late (Freitaset al 2012).
Different successional stages were determined dicapto the vegetation structure and
the land use history. The early successional awffered a clearcutting and was
cultivated with cotton from 1965 until 1970, momaevtien the culture was replaced by
Chencrus ciliarisL. (buffel grass) and used for cattle pasturel i®92. Since then, the
area was not cultivated, thus being in natural meggion for 23 years. The
intermediate area also suffered a clearcutting9651to cultivate cotton then left in
regeneration since 1970. Regarding the late dneeg wwas no clear-cut logging or other
human intervention since 1950. There was no inere&gertilizer in soil since the areas
were left under regeneration. In each area, agdl@0 x 50 m, with a 5 meter edge on
all sides, was enclosed and surrounded with barledto prevent the entry of animals.
There were no differences in soil physical-chemichbracteristics in the three
successional stages (Freittsal 2012). In each plot, at least four individualseaich
species were selected for the measurements. Taespexies richness is higher in the
late successional stage. It had 21 species andmifids, followed by 15 species and 10
families in the intermediate area and 6 species afamilies in the early area. The
shoot biomass production was 49.4 Mg'ha the late stage, 37.5 Mg han the
intermediate stage and 29.9 Mg'hia the early stage of succession. More details on
tree phytosociology can be found in Calaiaal (2013).

In this study, we used three plant species, ndtvand pioneer from the Brazilian
SDTF, with different habits and phenological ch&sastics occurring simultaneously

in at least more than one successional stage. péeies selected weoincianella
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pyramidalis (Tul.) L.P. Queiroz (Fabacaeae), a deciduous toemd in the three
successional stagedyptis suaveolengd..) Poit. (Lamiaceae), an annual herb found in
the three successive stages, and only in the ietlate stage in 2015; arida
galheirensisUlbr. (Malvaceae), a perennial subshrub founcha¢arly and late stages
of succession. Data &f. pyramidalisin 2013 can be found in Falc&b al (2015); it
occurred in the same study area. Since the rainadl significantly different between
2013 and 2015, we decided to use this speciesi®sttily. However, the data were not
the same since we used other individuals to cakeulae means of leaf traits and
perform the statistics.

Only plants with the same age and size were seélertethis study to avoid
conclusions regarding age-dependent variationgan functional traits (Valladarest
al. 2007). The age d®. pyramidaliswas determined by the diameters moving method
using a linear regression according to the anma@kase in diameter at breast height
(DBH) (Scolforoet al 2008). According to this method, individuals aeeage age of
22 years were selected in the three successioagest The standardization 6&f
galheirensiswas performed according to plant size and DBH.aBse it is an annual
species, allH. suaveolensindividuals had the same age in the three areads T
individuals ofP. pyramidalisandS. galheirensisvere marked. The measurements$iof
suaveolensvere made on individuals that appeared in the sspoé of ground in the
three consecutive years.
Leaf and soil water status

The leaf water potential() was measured according to Scholaneteal (1964)
using a pressure chamber (Soil Moisture Equipmaemnp C Santa Barbara, CA, USA).
The measurements were performed on fully expanded;senescent and free of

damage leaves, in the predawn (05:00), in the thueeessional stages. Soil moisture
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(SM) was measured at five points of each plot @tp@th of 30 cm using a soil moisture
meter (HFM 2030 Falker, Porto Alegre, BR).
Gas exchange

Gas exchange were measured in fully expanded leduwesnot senescent and free
from damage, on sunny and cloudless days from (6:88:30 in the three consecutive
years using an infrared gas analyzer (LC-pro, AD&s8entific, Hoddeston, UK). The
time of measurement was determined by designirgla curve of gas exchange for the
three species in the three successional stagesrfdashown). For the daily curves we
used expanded, non-senescent and healthy leawdsh@mmeasures were performed
hourly, from pre-dawn to sunset, with the gas arelycalibrated with the photon flux
observed at the moment of each measurement. Ttee donsidered was when solar
radiation was saturating for the photosyntheticcpss at ambient GQconcentration
(1,500 pmol rif sY). Thus, the C@assimilation was the maximum assimilation rate
(Amay for these species under field conditions (PérargHindeguyet al 2013).
Measurements of stomatal conductanag), (net CQ assimilation (Aay and
transpiration rate (E) were made. From this data,calculated water use efficiency
(WUE (A/E)). Soil moisture data, air temperatured arapor pressure deficit, at the
moment of measurements, are presented in Table 1.
Nutrient use efficiency and phenolic compounds

Ten to twenty leaves of each individual were ca#dc scanned, weighed, dried in a
forced ventilation oven at 60°C for 72 hours andugid in a mill. The dried material
was used to determine leaf nitrogen, phosphorus potdssium concentrations,
phenolics, specific leaf area and leaf construatiost.

About 250 mg of dry material was digested in ardasolution (HSO,) in the

digester block at 350°C to obtain the plant exfadthe nitrogen concentration was
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1063  determined by titration with an HCI solution comiag boric acid and an indicator dye
1064 according to Thomast al (1967). The phosphorus concentration was obtained
1065 spectrophotometrically (600S spectrophotometer, FBIMCalifornia, USA) according
1066 to Murphy & Riley (1962). The leaf potassium conication was obtained by flame
1067 photometry (DM-62, Digimed, Sao Paulo, BR) as dbescr by Silva (1999). The use
1068  efficiency of each nutrient was obtained by thérhetween the A« and its respective
1069 leaf content. The Nitrogen:Phosphorus ratio was eddculated.

1070 Approximately 20 mg of dry plant material were useddetermine total phenolics.
1071  The extract was obtained by mid-boiling the matens80% methanol and the reaction
1072  was performed using a 10% Folin-Ciocalteu reagectming to Amorimet al (2008).
1073  The results were obtained by interpolation of tlmngles’ absorbance against a
1074  calibration curve designed with tannic acid (0.1 md') in a spectrophotometer
1075  (Genesys 10S UVVIS, Thermo Scientific, Waltham, J$8alibrated at a wavelength of
1076 760 nm.

1077  Specific leaf area and leaf construction cost

1078 The leaf area of each species, in the three suoocasstages, was measured using
1079 the images obtained from the scanned leaves ubmdntage-Pro Plus 4.5 software
1080 (Media Cybernetics, Inc., Rockville, US). The sfiedeaf area (SLA) was determined
1081 by the ratio between leaf area and leaf dry wefgfitkg™).

1082 The leaf construction cost was calculated from th&h content, nitrogen
1083  concentration and heat combustion of dry matefialdetermine ash, 500 mg of dried
1084  material were weighed and placed in a muffle at’80@r 6 hours. The ash content was
1085 obtained by the difference between the pre andmpo$iie weight according to Let al
1086  (2011). The heat combustion was determined bynggetiie to 300 mg of dry material

1087 in a calorimeter (C2000, IKA, Heitersheim, DE) aating to Villar & Merino (2001).
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Leaf construction cost (g glucosé ®M) was obtained by the formula described by
Williams et al (1987): CC = [AHc 0.06968 - 0.065) (Ash - 1) + 7.5 (kN / 14.006/7)]
GE, where k is nitrogen oxidation state and GEmsuMh efficiency, which is estimated
at 0.87 (Penning de Vriest al 1974). In this work, we considered that the mj&o
oxidation in our study area was to nitrate (k =,4#5) this is the main source of nitrogen
for higher plants in the field (Villar & Merino 2Q9).

Payback time was calculated as a measurementickaffy in the use of the energy
obtained by photosynthesis. The results were obdaby the ratio between CC and
Anmax They were expressed in days, considering twetwgshas a day unit, related to
the average time of light in the study area.

Statistical analysis

Regarding to comparisons of the leaf traits betweersuccessional stages, the data
were submitted to One-Way ANOVA with the successlostage as independent
variable. Means were compared using the StudentniNewKeul's test (5%), when
appropriate. For comparisons between the yeargshensame area, the data were
submitted to a Repeated-Measures ANOVA, and thensmesere compared using the
Student Newman-Keul's test (5%), when appropriatecertify the degree of plastic
response of leaf traits, depending on the sucaemisgiage, for each trait of the three
species we calculated the coefficient of variat{®s) considering as more plastic the
trait with the highest CV value. A general valuepbdistic response was obtained by
averaging the coefficients of variation of all leahits of each species in the three
successional stages. The statistical software usedthe STATISTICA 8.0 (Statsoft
Inc., Tulsa, USA). To assess whether measured ibunadttraits were decisive in the
classification of plants as belonging to the ihjtintermediate or late stage, a Principal

Component Analysis (PCA) was performed for eacltigge Data were standardized by
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range to equalize the difference among traits udlisattributes were included in the

PCAs, but only those that had the highest coraatwith the axes 1 and 2 were used
for designing graphdd. suaveolenslata in 2015 were not included in PCA because it
was only able to settle in the intermediate areaybar. The software used was Fitopac

2.1 (Sheperd 2010).

RESULTS
Climatic conditions of the study site

The climate irregularity of the Brazilian SDTF ibustrated in the time series of
precipitation and temperature (Fig. 1). Most of taefalls occurred until April, the
month of collection. However, rainfall is very ig@ar. Some years are very rainy, as it
was the case for 2008 to 2011, and preceded afallmved by very dry years. In our
collection period (2013-2015), the irregularity ohinfall and temperature was
noteworthy. The annual rainfall values were 562 mf0BP1 mm and 400 mm for the
years 2013, 2014 and 2015, respectively. In th@sasy over 70% of rains occurred
until April (Fig. 1A). This difference in rainfalvas accompanied by soil moisture. In
the wettest year (2014) the soil moisture in theaarat the moment of data collection
was higher than in the other years (Table 1). feuntlore, the water balance in 2014
showed that there was an excess of water in thesdithat there were deficits in 2013
and 2015 (Fig. 1B). The air temperature was lowethe late stage area in the three
years of collection, which led to a lower vapor ga@re deficit followed by the
intermediate and early stages.
Leaf water status

The leaf water potential . pyramidaliswas 60% higher in the late stage of

succession than in the early and intermediate ane2813, (p <0.05) (Fig. 2A). There
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were no differences between the stages in 2014hndtiowed the greatestvalues for
the early and intermediate stages, -0.40 and {4, respectively. In 2015, there was

a decrease im values in all stages in comparison to the othersyemith the late stage
showing 30.6% lowe¥, thanthe early and intermediate stages, on average.(5%0

In 2013, the highest, value forH. suaveolensn (Fig. 2B) was observed in the

plants of the late stage of succession, with tlaatpl showing values 66% and 45 %

higher than those of the early and intermediatgestarespectively (p <0.05). In the

rainiest yeary, did not differ among successional stages in aegisp, showing values
of -0.10 MPa, on average, the greatgstbserved in all species and years of collection.
In 2015, the plants of intermediate stage showed -1.44 MPa.

For S. galheirensisthere was no differende ¥, among the successiorsdhges, with

plants showingy, of -1.8 MPa, on average (Fig. 2C). In the driesirgethey; was 31%
and 54% higher in the plants of the late stage thanearly stage, in 2013 and 2015
respectively (p <0.05).

When the data were analyzed between years in dhee srea, the three species
showed a similar pattern of response in the eddgesof succession, with a highar
2014, followed by 2013 and 201S. galheirensishowed the same pattern in the late
stage. The tree speci€s pyramidalisshowed similare; in 2013 and 2015 in the
intermediate stage, arldl suaveoleng the late stage of succession in 2013 and 2014
(p >0.05).

Gas exchange

P. pyramidalishad highergs values in late stage in all years when comparetth¢o

early and intermediate stages (p <0.05) (Fig. 2iXh the highestsvalue observed in

2015 (15.8 umol.iAs?). Nevertheless, A did not completely follow the changes in
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1162  gs (Fig. 2G). In 2013, AaxWas 27% higher in the late stage if compared ¢ootiers.
1163  There was no difference among successional stagd&ld (p >0.05). Between years in
1164 the same area, there was a reductiop &ndAnax in the early stage from 2014 to 2015,
1165 and an increase igs in the intermediate and late stages, with incrégsémaxonly in
1166  the first (p <0.05).

1167 No differences regardings were observed foH. suaveolensn 2013 among
1168  successional stages (p >0.05). Nevertheless, thewas 8% higher in late stage than in
1169 the other stages (Fig. 2H, K). Interestingly, ia thiny year, the lowesgt was observed
1170  in the late stage, but.A, had the highest value (22.2 pmofist). In 2015, theys and
1171 Anax from the intermediate stage were the lowest oleserfor this species. The
1172 response ofisbetween years was similar to thggresponse, that is, whep decreased
1173  Anaxdecreased as well, with a reduction of 40% and figpectively (p <0.05).

1174 S. galheirensifiad similargs and Anax among successional stages in 2013 and 2014.
1175  There were no differences gg among the successional stages in 2015, the grast(p
1176  >0.05). However, Aaxwas 24% lower in the plants of the late successistage than
1177 in the early, with values of 10.6 pumolts™® and 13.9 pmol.fAs?, on average,
1178  respectively (p <0.05). Between years in the saiages there was a decreas@dfrom
1179 2014 to 2015, but the response gf.Awas different. From 2013 to 20144 values
1180 increased 5%, and from 2014 to 2015 decreased 4i%@verage, in all stages (p
1181  <0.05).

1182 The water use efficiency iR. pyramidaliswas high in plants in the early and late
1183  stages in 2014 (9.6 pmol.mrifoand 9.2 pmol.mmd) (Fig. 2J). In 2015, the plants in
1184  the early stage showed the highest WUE for thisispe75% and 18% greater than the

1185 same area in 2013 and 2104, respectively (p <0.05).
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The herbaceous specids, suaveolenshad a WUE 22.5% higher in late stage in
2014 when compared to the other stages (p <0.0§) #K). The lowest WUE was
observed in the early stage in 2014. The highesEWalues inS. galheirensisvere in
2014 (13 pmol.mmdl, on average), without differences among the ssimeal stages
(Fig. 2L). The lowest efficiency for this speciesaswbserved in the late stage in 2013
and 2015 (p >0.05). However, in 2015 the WUE valvese 33% lower than those of
the early stage (p<0.05).

Content and nutrients use efficiency

In P. pyramidalis a higher efficiency in the use of N (PNUE) wasetved in the
late stage in 2013 compared with the other staggls,values 60% and 45% between
the early and intermediate stages, respectivelyO(p5) (Table 2). The highest values
of P use efficiency (PPUE) was observed in 2014 whttest year, without differences
among the successional stages (p >0.50). The keffiseency (PKUE) was higher in
2013 in all successional stages, with the lateessdgpwing the highest value compared
to the other stages (8.21 umol C.mtsf) (p <0.05). The highest N:P ratio values
were observed in 2014, with plants of intermedisti@ge showing values 30% and
32.5% higher than the early and late stages (p53x0Asimilar pattern of response was
observed forH. suaveolensThe highest PNUE was observed in the late stdge o
succession in 2013 (0.43 pmol C.mrhel), and the highest PPUE and PKUE was
observed in 2014 and 2013, respectively. The plahtie intermediate stage showed
PPUE values 65% and 60% higher than the earlyaedstages, respectively (p <0.05),
and PKUE was 58% and 74% higher in the late stage the early and intermediate
stages, respectively (p <0.05). Rs pyramidalisthe N:P ratio inH. suaveloensvas
higher in the intermediate stage in 2014 (41.1&htbther stages and years of collection

(p<0.05).S. galheirensidiad a contrasting behavior. The PNUE was high¢henlate
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stage, but there was no difference between thesy2@t3 and 2014 (p >0.05). The
PPUE was higher in the late stage than in the esislge, except in 2015. Finally, the
PKUE use was 63% higher in the late stage in 2@if8pared to the early stage (p
<0.05), without differences among successionalestaig the other years. The N:P ratio
was higher in 2014, primarily in the early succesal stage (p <0.05).
Specific leaf area

Specific leaf area iP. pyramidaliswas 25% higher in the intermediate and late
stages in 2013 compared to the early stage (p PQIgH. 3A). There were no
differences in the SLA among the successional stag2014 (p >0.05). In 2015, the
lowest SLA was observed in plants of late stage2(b#.kg™), a value 21% lower than
the early and intermediate stages, on average (b0t was observed a decrease in
SLA on plants of the early and intermediate stagenf2013 to 2014, and an increase
from 2014 to 2015. However, in the late stage tlamtp showed a reduction in SLA
values only from 2013 to 2014, maintaining lowelues in 2015, the driest year. it
suaveolenghe highest SLA was observed in the intermediatk late stages in 2013
(34.4 nf.kg*and 34.5 rikg?), and in the early and intermediate in 2014 (28°%g*
and 26.6 mkg') (Fig. 3B). Between years, it was observed a rédinén SLA values
in all successional stages, with the greater réslucthowed by the plants of the late
stage (40.5%) (p <0.05). Except for 2014, wheneheere no differences among
successional stages, the highest valuesSfogalheirensisvere observed in the late
stage (p <0.05), a difference of 54% and 87% coeth#w the early stage in 2013 and
2015, respectively (p <0.05) (Fig. 3C).
Phenolic compounds

In P. pyramidalis the concentration of phenolic compounds in tlaeds showed no

differences among the successional stages regatiingear of collection (p >0.05)
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(Fig. 3D). However, the phenolics concentration \eager in all stages in 2015 when
compared to other years, with a median decrea@8%f, 26% and 23% in the early,
intermediate and late stage, respectively (p <0.0%)H. suaveolensthe highest
phenolics concentration was observed in the latgestn 2013 (25.8 g.Ky and 2014
(36 g.kg") (Fig. 3E). In 2013 this value was 129% highermiadian, than in the early
and intermediate stages, and in 2014 was 123% aridbhigher than the early and
intermediate stages, respectively (p <0.05). In52Qhe phenolics concentration was
similar to the values of 2014 in the intermediatagp >0.05).

The leaf concentration of phenolic compoundsSingalheirensisvas, on average,
16% higher in late stage in all years analyzed amgarison with the early stage,
without differences in the same area in differezdrg (p >0.05) (Fig. 3F).

Leaf construction cost

There were no differences on leaf construction ao$®. pyramidalisin 2013 (p
>0.05). Both in 2014 as in 2015, the CC was, omayes 8% higher in late stage than in
other successional stages (p <0.05) (Fig. 3G). Betvyears in the same area, the CC of
the plants of late stage in 2015 was 11.5% and igfteh in than in 2013 and 2014,
respectively (p <0.05). IAl. suaveolenghe CC was 7.5% higher in the late stage (1.12
g.g* DM) than in the other successional stages in 2@@§. (3H). There were no
differences in CC among the successional stage®1d (p >0.05). The differences
between years were observed only in the early stagk values 5% higher in 2014
than in 2013 (p <0.05). The spect®sgalheirensihad a higher CC in the late stage in
all years (Fig. 31). These values were, on averé@ehigher than in the early stage (p
<0.05). In 2014 the late stage plants showed CChaftter (1.19 g.g DM) than the

early stage plants, without difference betweenvidaes of 2014 and 2015.
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The payback time iP. pyramidaliswas similar among the successional stages in
2013, about 80 days on average (Fig. 3J). Botl0i¥2as in 2015, the PBT was 33%
and 53.5% higher in the early stage, on averagapaced to the intermediate and late
stages (p <0.05). The highest increase in PBT \vkasrged in the early stage plants,
that showed values 46.5% higher than in 2013 add 20the same area (p <0.05).

In H. suaveolensthere were no differences in PBT among the sisomesl stages
all years (Fig. 3K). However, the highest PBT valueere observed in the wettest and
driest years, 2014 and 2015, respectively. Thekeesavere 21% higher, on average,
than in 2013 (p <0.05). F@. galheirensisthe PBT was 92% and 66% higher in the
late stages in 2013 and 2015, respectively, whempeoed to the early stage values (p
<0.05) (Fig. 3L). In 2014S. galheirensidad the lowest values, 32 days on average,
without differences among successional stages (P5¥0The highest increase in PBT
was observed from 2014 to 2015 in the late stagdfexence of 237%.

Coefficient of variation and PCAs

The coefficient of variation (CV) of the traits hadsimilar response pattern for the
three species (Table 3). The highest CV was obdarvéeaf water potential, P and K
use efficiency and specific leaf area. The diffeeemmong the responses of species
occurred in the successional stage at which CVe \wegher. ForP. pyramidalis the
highest values were observed in plants in thedttge. FoOH. suaveolensthe highest
values were found in the intermediate stage.S=@alheirensisthe highest values were

observed in the early stage of succession#foand PPUE, and in the late stage for

PKUE and SLA. The smaller CV value was in leaf ¢nrdion cost for all species.
Both P. pyramidalisandS. galheirensi®iad a higher overall CV value in the late stage

andH. suaveolen# the intermediate stage of succession.
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The principal component analysis arrand@dpyramidalisplants in three groups
related to the year of collection (Fig. 4A). As &uccessional stages, the variation of
traits was able to separate more strongly the dtdge from the others in 2013, the
intermediate stage from the others in 2014 ance#nly stage from the others in 2015.
The traits most correlated to annual variation A%) of the data were SLA and N:P
ratio (R = 0.90 and R = -0.82). Regarding succesdistage (Axis 2), the main traits

werew;, CC and Awx (R = 0.91; R = 0.68 and R = 0:51).

For H. suaveolensthe separation of groups for both years of ctitbec and

successional stages was patent (Fig. 4B). Thestraibst related to the temporal
variation of the data werg, N:P ratio andys (R = 0.86; R = 0.61 and R =-0.91). The

separation by successional stage was influence@dNyE and CC (R = 0.85 and R =
0.78).

The principal component analysis of the traits Sof galheirensiscould identify
groups according to the year of collection. Furntin@e, the separation related to
successional stages was also obtained (Fig. 4@).treits correlated with the year of
collection were Aax payback time and WUE (R = 0.93; R = 0.83 and #8.80). The

spatial separation was influenced by SLA and PNRE (0.84 and R = 0.71).

DISCUSSION

Our data shows that the analyzed species respdfetedily according to the
successional which they are established, adjustieig leaf economics spectrum to the
needs imposed by the environment, what directlgcas$f the plants’ growth. However,
the most striking differences were observed betwesms of collection, that presented

large variations in rainfall, VPD, water balancel @oil moisture. Furthermore, the way
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these species use the acquired resources wasnicdididoy the characteristics of their
habit and life history.
Water status

The leaf water potential of the analyzed species higher in the rainiest year
compared to other years of collection. This wasrediptable outcome, since other

authors observed a seasonal variatiowsjnvith the plants showing higher valuswin

the wet season (Rossath al 2013; Oliveiraet al 2014).A drying gradient risk is
related to the forest regeneration stage, with tplaat early stages of succession
presenting greater risk than plants in late sueoeskstages due to an increased solar
radiation index and lower soil moisture and air ity (Lebrija-Trejoset al 2011).
However, in the wettest year, the water potentias wimilar in the three successional
stages, in all species. The water is the main fabtt limits the plant growth in STDF,
so the high rainfall, which led to a positive walkedance in 2014, may have buffered
the differences between the successional stagéleldriest years, 2013 and 2015, the
plants were less hydrated in the early stage #&m#awed by the intermediate and late
stages. Indeed, soil moisture data, in generigwothe gradient of desiccation risk,
and the water potential of plants responded towargtion (Fig. 2A-C). Interestingly,
in 2015, with rainfall 41% lower than in 2018, pyramidalishad a lower water
potential in the late stage, even with higher sobisture. Areas in late stage of
regeneration have greater species richness, piasitgl, plant height, DBH and a more
developed root system, which makes them better etitags for resources such as light
and water (lideet al 2011). Thus, despite higher water availabilitgympared to the
early stage, the plant community of the late stagy have consumed the soil water
content faster, leading to a low water potentiaPinpyramidalisin the driest year, as

pointed by Falcaet al (2015).
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Unlike tree species, herbs have shallow root sygRossatoet al 2013), which
strongly affects the plants” water status (Nalfil. 2016). Such groups of plants have a
lower water transport path due to their smallee,semd can recover faster the water
transport capacity in the case of embolism wherctralitions are favorable (Broddrib
& Holbrook 2005; Ganthaler & Mayr 2015). In ariddasemi-arid environments, often
the water from rainfalls cannot reach the deepggriaof the soil, becoming available
only in surface layers (Ferrange al. 2014). Thus, species that in general have a more
shallow root system, such as herbaceous and suisshmay benefit from it regarding
water intake (Schenk & Jackson 2002). Howevervihter evaporation on superficial
soil layers is high, leading to low soil moistuvehich was observed in the early and in
the late successional areas. In a study with feubdceous species, of dry and humid
sites, Nolfet al (2016) found that these species were very vubierto dehydration
mainly due to hydraulic conductivity loss, whichcaffects, stomatal conductance and
photosynthesis, and may lead to tissue and leafafitgr It may have been decisive for
H. suaveolenfailing to settle in the early and late areashm driest year.

In general, herbaceous are more sensitive to w#atess than subshrubs. Although it
also has many lateral and shallow roots, speci&dafgenus have a taproot which can
reach deeper layers of the soil (Naeasl 2013). Thus, a dimorphic root system is an
advantage for plants in arid environments. Soméasthave shown that perennial
plants of dry sites, as is the caseSofgalheirensisare able to use the water flexibly
according to its availability, because they compémnshe lack of water in the shallow
soil using the deeper layers” water content (B#&siret al 1999; Schwinninget al
2002). These root characteristics may explain doe that even with low soil moisture
in 2015,S. galheirensisvas able to establish and maintain the fitnedhénearly and

late areas, unlikkl. suaveolens
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The water potential was one of the more plastitstia the three species (Table 3).
Since water is the most limiting factor for plambgth in dry forests (Santost al
2014), the water availability imposes the largestcion force to plants” establishment
and development. The principal component analyscs.(4) shows a marked formation
of groups for the three species, related to thefatiregime of each year of collection,

with SLA, ¥, and WUE as the most important traits in this terapseparation of data

in P. pyramidalis H. suaveolenandS. galheirensisrespectively. All these traits are
directly or indirectly influenced by soil water akadbility (Sperryet al. 2002; Xuet al
2009). These results make clear that the abilityadfust water status to deal with
changes in the environment is critical to the dithiment of these species throughout
the regeneration process.
Photosynthetic capacity

The gas exchange & pyramidalisresponded to the annual and spatial variation of
the VPD and water potential. When the water posémtas high and the VPD was low,
there was an increase in stomatal conductance @ads3imilation. However, in 2015,
the driest year, despite having very low water pidd, the stomatal conductanceff
pyramidalis was the highest observed for this species throughioe experiment,
especially in the late stage, causing it to mampdiotosynthetic rates comparable to the
wettest year (Fig. 2D-I). This response may havenbefluenced by the low PKUE
(Table 2). Potassium is an important osmotic solite plant tissues, and its
accumulation provides the water potential neededvaéter uptake for the various
metabolic processes in the cells (Arquetoal 2006). Furthermore, K acts in the
stomatal closure, controlling the turgor pressureguard cells, promoting drought
tolerance (Wangt al 2013). In fact, the low PKUE in plants of thearmhediate and

late stages in 2015 denotes that K was not deplatéehves. This, associated with a
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low DPV (Table 1), causes the highest stomatal aotashce in the driest year in those
areas. Despite having a large stomatal openingeimtost preserved areas, thg,Avas
similar to other years of collection. In those atea low N:P ratio indicates that the
photosynthesis is limited by N supply (KoerselmarM&uleman 1996). Nitrogen, in
order to be part of various aspects of the phothgfic machinery, as part of the
chlorophyll molecule and Rubisco, is directly ctated with the C@ assimilation
capacity of the plant (Goedhaet al 2010). Besides that, Limet al (2012) showed
that P. pyramidalishas high wood density, what can prevent xylem e#ieit more
efficiently. Consequently, they can keep their plghthetic rates even with a low
water potential and keeping a low WUE, as notethelate successional stage in the
driest year. The maintenance of £@ssimilation, even under low water potential
conditions, is a common strategy of semi-arid sge(bantost al 2014).

It is interesting thaH. suaveolensad a greater stomatal conductance in all stages i
2013 when compared to 2014, with greater, @Ssimilation in the late stage, even with
higher soil moisture and water potential in thetestyear. In 2014 the plants presented
high PNUE, so the leaf N concentration was low,ibuias not limiting for this species.
The high N:P ratio, in all successional stagesw&abthat photosynthesis was limited
by P concentration in the leaves. Phosphorousttirefluences the energetic balance
of the plant because integrate different molecigshotosynthetic machinery (Huang
et al 2012). Thus, without an appropriate supply oftig Calvin-Benson cycle is
compromised, leading to low photosynthetic ratgsnBt having a lignified stem, herbs
need a great amount of water for the maintenantkeeaf size (Nolfet al. 2006). It can

be observed in the late stages in 2013 and 201H.feuaveolenswhich even with a
high v, it presented high WUE as well, demonstrating a wadgeing strategy in this

preserved areas. It was also observedSingalheirensisin 2014. However, the
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photosynthetic rates were the highest for this isgeduring the experiment, due to

elevated PNUE, PPUE and PKUE. In 2015, the drieat,ythe combination of low soil
moisture,¥;, and N:P ratio led to depletion in daily,& (Guswell 2004).

Some studies show that plants can adjust theiriemiitievels according to the
successional stage, soil type or light availabi(Bleasonet al 2009; Gratani 2014;

Falcdoet al 2015). In this work we can observe that nutriesg¢ efficiencies of the
studied species presented the highest levels oflGNg withw,. The translocation of

nutrients from the soil solution to the sink orgaristhe plant is dependent of water
availability, so it was an expected result. Thiatienship is clear in environments with
poor soils and where the mobility of nutrients fileeted by the water availability, as in
tropical dry forests (Hidaka & Kitayama 2009).
Leaf economics

Among the most important plant functional traitattiicomprise the leaf economics
spectrum, specific leaf area is considered onehefmost important to be measured
because it directly influences the photosynthegigacity of the plant (Nouvelloet al
2010). Plants with a smaller SLA are more toletantirought, preventing excessive
water loss by transpiration (Sanchez-Goreeal 2013). Furthermore, a lower SLA
decreases the light gathering area, promoting tbeegtion of photosystems against the
production of reactive oxygen species, which cadamage to cell membranes and
decrease the photosynthetic capacity of the plailday et al. 2012). This was

observed foH. suaveolensand S. galheirensigFig. 3A-C) in the driest years in the
early stage of succession, following the low sailisture andp, in this area, conditions

that improved drought stress risk and led to déphein photosynthesis (Frost al.
2012; Oliveiraet al. 2014). In other words, the plants’ tissues wererdiso a lower

SLA was a strategy to prevent excessive water ldssording to Reicket al (1999),
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there is leaf biophysical limitations that impode tplants with low SLA that also
showed low Avax and this was observed ih pyramidalis which showed lower SLA
and Anax Wwhen compared with the other species analysedtdease different growth
habit.

The leaf construction cost of the three studiecciggewas higher in the late stage
than in the early and intermediate in all yeardyaea (Fig. 3G-1). Chaet al. (2015)
working with 31 species in a chronosequence of reday forest in a semi-arid region
found that species from advanced successional sst@ggesented higher CC in
comparison to early species. It is curious to yehfat the leaf construction cost has the
lowest plastic variation among the analyzed vaesalflable 3). Indeed, the CC is a low
plastic trait in many species (Pooregral 2006). However, even small variations in the
CC may significantly alter the performance of thanps (Poorter & Villar 1997). The
habit and life-form have an important influence leaf economics spectrum of the
plant. In a review about leaf longevity in plariSkuzawa & Ackerly (1999) pointed
that leaf life span increases from annual herbdetiduous trees, as well as CC, since
long-lived leaves need more energy investment tontaa its structures. In fad®.
pyramidalisshowed the highest values of CC among the stugiedesH. suaveolens
andS. galheirensihiad a high phenolics investment in the late swsoral stage (Fig.
3D-F). Phenolic compounds are important secondatabolites acting, among other
factors, on the UV protection of the photosynthetiachinery (Oliveira-Junioet al
2013). Furthermore, phenolic compounds also ad¢hénprotection against herbivory
(Furstenberg-Haggt al 2013), especially in more preserved areas, wtherayreatest
diversity of plant species favors a greater diwgrsf herbivores (Ebelingt al 2014).

This investment is particularly importantkb suaveolenbecause of its short life cycle,
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and toS. galheirensiswhich, because it is a perennial species, sasesfood source
for grazing in the dry season.

Not only the cost, but also the benefit of the Btwgent should be considered in the
leaf economics spectrum (Karagatzides & Ellison@0 this sense, the three species
behaved differentlyP. pyramidalisshowed low PBT in the preserved areas, in the
wettest and driest year, without differences betwsaccessional stages in 2013 (Fig.
3J-L). A similar result was achieved by Falag@ipal (2015) working with the same
species. The opposite situation can be observed fazalheirensidn the late area,
possibly influenced by high phenolic concentratias,well as foH. suaveoleng the
wettest year.

The principal component analysis was able to ifegtioups regard to successional
stage in which the plants were established (FigThg formation of groups was more
influenced by CC and parameters related to photbstin capacity such as,A« and
PNUE, reflecting that the studied species can adjesr energetic balance according to
microclimate variations of each successional stiigs.interesting to note that, despite
showing a low plastic response, the CC is one®fthin leaf traits grouping the plants
according to the successional stage in which thiey Ehus, it is a good indicator of
plant strategy and classification of functional éyps pioneer or as late successional
species.

Our results show that the traits Bf pyramidalis H. suaveolengndS. galheirensis
in STDF are influenced by the time of regeneratiod water availability. However, the

variations in functional traits were markdley sgen due to water availability. Tha,

PPUE, PKUE and were essential for the formatiorgmiups related to the rainfall
regime, presenting the highest plastic responsal oheasured leaf traits. In addition,

these pioneer species showed an interesting plasBponse according to the
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successional stage, presenting higher CC in tkestage, than in early and intermediate
stages, despite the its low plastic response. ilgh CC may be related to the
maintenance of the leaves for a longer perio®.ipyramidalis and the production of
phenolics inH. suaveolerand S. galheirensisThe climate changes predicted for the
tropical areas, in which it is possible to find Sf,0Oncrease in air temperature and
decrease in annual rainfall. Under this scenahiese species can be important agents in
the recovery and conservation of forest landscgpegrams due to their capacity of

acclimating to the different environmental condiBmbserved in this study.
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1809  Table 1. Mean soil moisture, air temperature, and vaposque deficit, at the moment
1810  of collection, in April of three consecutive years,a seasonally tropical dry forest
1811  chronosequence, Santa Terezinha, Paraiba, Brazikedtly; | — intermediate; L — late.
1812

Soil Moisture  Air Temperature Vapor Pressure
Year Stage P P

(%) (°C) Deficit (KPa)

E 6.66 32.70 1.71

2013 I 9.33 28.50 0.84

L 9.00 27.50 0.70

E 11.96 27.20 0.95

2014 I 12.67 28.30 1.07

L 11.40 26.60 0.57

E 3.10 27.50 0.73

2015 I 6.13 26.80 0.65

L 4.56 26.50 0.53
1813
1814
1815
1816
1817
1818
1819
1820
1821
1822
1823
1824
1825

1826
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1827  Table 2. Efficiency in the use of Nitrogen (PNUE), Phospha (PPUE), Potassium (PKUE), and N:P ratidPofncianella pyramidalis, Hyptis
1828 suaveolensand Sida galheirensisin a seasonally tropical dry forest chronoseqaeno three consecutive years. Lower case lettedscate
1829  comparisons between successional stages withiyetire Capital letters indicate comparisons betweams in the same successional stage. Average +
1830  SE followed by the same letter, in each speciebndt differ by the Student Newman-Keuls” test (5864. E —early; | — intermediate; L — late. * The
1831  species could not settle in these areas that year.

1832 . PNUE PPUE PKUE _ .
Species Year Stage (umol C mol N) (umol C mol P) (umol C mol K) N:P Ratio
1833 E 0.11 +0.001" 4.29+0.29"° 5.11+0.26" 16.10 + 1.07°
2013 | 0.13 + 0.002® 4.71 + 0.248° 3.95+0.26" 16.93 + 0.78°
1834 L 0.19 + 0.002 5.80 + 0.43° 8.21 + 0.5¢* 13.95 + 0.96"
E 0.11 + 0.008" 9.160 +0. 67 1.31 +0.082 36.01 + 2.78"
1835 P. pyramidalis 2014 | 0.11 + 0.008" 10.58 + 0.21 1.05 + 0.04" 43.54 + 1.99°
L 0.14 + 0.006® 9.81 +0.21% 1.09 +0.115° 32.83+0.78°
1836 E 0.10 + 0.005° 1.14 + 0.004" 1.22+0.11%2 11.20 + 0.11°
2015 | 0.13 +0.00" 1.83 + 0.0F¢ 1.00 + 0.08* 13.61 + 0.1%%
1837 L 0.14 + 0.003 0.95 + 0.04* 1.05 + 0.0%* 6.53 + 0.20°¢
E 0.28 + 0.01° 14.53 + 0.98% 6.70+ 0.18" 23.41+0.97°
1838 2013 | 0.35+0.02" 20.96 + 1.93° 6.09 + 0.28" 26.55 + 0.6%°
L 0.43 +0.01 18.24 +1.16% 10.65 + 0.5%° 18.68 + 0.39"
1839 E 0.27 + 0.04" 19.13 + 1.59" 0.96 + 0.06°2 28.72 + 0.53"
H. suaveolens 2014 | 0.34 + 0.02 31.75 + 1.60 0.80 + 0.047 41.25 +0.97°
1840 L 0.31 + 0.04* 20.27 + 3.38% 0.47 £ 0.034 28.92 +1.08"
E* - - - -
1841 2015 | 0.13 + 0.004 1.42+0.04 0.28+0.008  10.41+0.05
L* - - - -
1842 2013 E 0.17 + 0.007" 7.11 + 0.58® 3.51+0.29" 18.14 + 0.69%
L 0.30 + 0.01" 8.85 + 0.24° 5.77 +0.37% 13.18 + 0.6C"
1843 s qalheirensis 2014 E 0.21 + 0.008" 15.78 + 0.58%2 0.92+026%  30.05<0.77%
-9 L 0.28 + 0.01" 17.00 + 1.01° 0.88 + 0.40°° 26.86 + 0.74"
1844 2015 E 0.11 + 0.00£" 0.99 + 0.0%? 0.27+02%%  887+03£*
L 0.17 + 0.0042 1.15 + 0.0F2 0.25 + 0.00% 6.52 + 0.36°°
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1845 Table 3. Coefficient of variation (CV%) of leaf function&laits of Poincianella pyramidalis, Hyptis suaveoleasd Sida galheirensisin a
1846  seasonally tropical dry forest chronosequence,s&Shaitezinha, Paraiba, Brazil.

Species Stage CV(%)

Anax Os WUE ¥ PNUE PPUE PKUE Rl\la;'fi)o SLA  CGuass PBT Phenols

Early 13.65 23.24 29.51 67.39 8.39 7253 75.18 55.064.81 5.12 20.86 24.76

P. pyramidalis Intermediate 14.81 36.66 21.73 35.82 894 68.62 7972. 21.25 58.17 4.50 30.61 13.12
Late 9.79 27.80 19.68 76.76 17.64 69.27 102.93 9R3.H5.72 4.20 14.60 14.47

Early 21.74 14.27 15.74 58.00 22.83 26.95 80.24 6&1.12.24 3.23 22.09 16.15

H. suaveolens Intermediate 23.54 36.23 11.56 106.43 39.93 74.0I5.00 19.13 50.65 2.36 13.56 32.56
Late 9.73 20.62 20.47 2851 25.20 23.18 101.09 615.140.49 2.43 11.29 10.67

S galheirensis Early 30.38 37.02 23.00 94.05 29.44 78.06 94.96 9dl4. 47.93 3.59 32.89 21.25
-9 Late 36.53 27.31 36.27 7491 25.61 76.06 113.07 0227.57.41 5.56 47.10 4.25

1847
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FIGURE CAPTIONS

Fig. 1. (A) Historical series of annual precipitation (mmagcumulated rainfall from January
to April (mm), accumulate rainfall from May to Deuber (mm) and annual average air
temperature (°C) over the last ten years for Sdmeezinha, Paraiba, Brazil; (B) water
balance (mm) from January to April of 2013 to 2@15he same place.

Fig. 2. Leaf water potential (A-C), stomatal conductanioeH), maximum CQ@assimilation
rate (G-I) and water use efficiency (J-L) Bbincianlle pyramidalis Hyptis suaveolenand
Sida galheirensign a seasonally tropical dry forest chronosequencéhree consecutive
years, Santa Terezinha, Paraiba, Brazil. Lower &atters indicate comparisons between
successional stages within the year. Capital keiteficate comparisons between years in the
same successional stage. Bars + SE followed bysadhnge letter, for each species, did not
differ by the Student Newman-Keuls” test (5%54.

Fig. 3. Specific leaf area (A-C), phenolic compounds con(B-F), leaf construction cost (G-

) and payback time (J-L) ofPoincianlle pyramidalis Hyptis suaveolensand Sida
galheirensisin a seasonally tropical dry forest chronosequancthree consecutive years,
Santa Terezinha, Paraiba, Brazil. Lower case ¢etiedicate comparisons between
successional stages within the year. Capital keiteficate comparisons between years in the
same successional stage. Bars + SE followed bysadhnge letter, for each species, did not
differ by the Student Newman-Keuls” test (5%54.

Fig. 4. Principal Component Analysis of the data colledtedh Poincianlle pyramidaligA),
Hyptis suaveolendB) and Sida galheirensis(C) in a seasonally tropical dry forest
chronosequence, Santa Terezinha, Paraiba, Braalvéctors shown in the graphs represent

the leaf traits with the highest correlations wilte axis PC1 and PC2.
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4. CONCLUSOES

* As plantas do estadio tardio apresentaram maiasess tde trocas gasosas, potencial
hidrico, eficiéncia no uso dos nutrientes. Alémsdjsapresentam maior custo de
construcao foliar associado a um menor tempo depensacdo, 0 que indica que essas

plantas de utilizam a energia de forma mais efieiem areas preservadas.

» As plantas do estadio tardio, por apresentaremrraagmilacéo de carbono, investem
na producdo de compostos fendlicos, metabdlitoansiéeios relacionados a protecéo

contra radiacao UV e herbivoria.

* O regime hidrico influencia fortemente os valoress datributos funcionais das

espécies estudadas.

» Dentre os atributos funcionais mensurados, aquelasionados a agua apresentaram
maior capacidade de aclimatagéo, principalmentetengial hidrico, que foi o atributo
mais plastico dentre os analisados.

* As espécies estudadas captam e utilizam a aguarde fdistinta.Poincianella
pyramidalis altera sua area foliar especifica, que € diretaenenfluenciada pela
disponibilidade hidricaHyptis suaveolenapresenta os maiores potenciais hidricos, ou
seja uma maior capacidade de captacdo de agudfinpaBida galheirensi$¢ mais

eficiente no uso agua.

» Apesar de apresentar a menor resposta plastiessto de construgdo foliar € um dos

principais determinantes na classificacdo das espéem funcdo do estadio sucessional.

* As plantas da area tardia apresentaram maior chgucde aclimatacédo, evidenciando

a importancia da preservacao e recuperacdo dedegeiadas.
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