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Devido as mudancas climaticas globais € esperadohgja aumento da aridez nas
regibes aridas e semiaridas do globo. Restricatispenibilidade de 4gua afeta severamente
0 crescimento, desenvolvimento e produtividade \tiggetais, e a sobrevivéncia de plantas
nessas areas dependerd do grau de tolerancia aapeesentado por elagssim, a
compreensao dos mecanismos que as plantas utjiaeartolerar a seca € fundamental para o

desenvolvimento de cultivares tolerantes.

Nesse contexto, o desenvolvimento de uma barragaeyite a perda excessiva de agua
e que seja capaz de refletir parte da radiagdochiega a superficie da folha foi de suma
importadncia para manutencdo do processo vital astgd: a fotossintese. As ceras
epicuticulares, camada da cuticula que represerganaipal interface da planta com o
ambiente, representam um importante fator de agipi@ estresses ambientais incluindo seca

e alta irradiancia.

No entanto, é sabido que apenas a cuticula naficieste para manter o status hidrico
da planta, assegurando seu metabolismo, quandoaaéagm fator limitante. Assim, outros
mecanismos de adaptacdo a falta de agua fazemesssados como eficiente controle

estomatico.

Em geral, as plantas nativas ou exéticas adaptedeegides semiaridas apresentam um
eficiente controle estomatico e maior deposicdceata. Entretanto, ainda ha uma lacuna no
gue diz respeito ao conhecimento de como as cemastieulares podem influenciar os
mecanismos de trocas gasosas em espécies dessa regi

A escolha de culturas tolerantes a seca visa e@ec@iantas que consigam manter alta
a atividade fotossintética com perda minima de aduweante a transpiracdo. Assim, 0
conhecimento das alterac6es nos mecanismos de asasas e a eficiéncia das principais
resisténcias foliares, isto é, estomatica e cuicsfio de suma importancia para entender os
aspectos de tolerancia quando estas espéciesagidas ao déficit hidrico.

Dessa forma, o objetivo principal desse trabalhio aiealiar o papel do controle
estomatico e o papel da composicéo e teor da pératieular sobre a toleréncia a seca em
duas espécies do mesmo género, porém, uma natiteaeexotica a flora brasileira. Para isso
foram avaliadas as relacdes hidricas, trocas gasmsslgumas variaveis bioquimicas em

plantas delatrophamollissimae Jatrophacurcassob déficit hidrico.
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2. FUNDAMENTACAO TEORICA
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2.1 Mecanismos de tolerancia a seca

Dos estresses bidticos e abioticos aos quais ataplado frequentemente expostas, a
seca € uma das condi¢cdes mais severas para cresrimelesenvolvimento dos vegetais
(MANAVALAN et al.,, 2009). Restricdo na disponibiide de agua acarreta uma série de
mudancas morfologicas, fisioldgicas, bioquimicasateculares em todos os 6rgéos da planta
afetando negativamente crescimento e produtividdl&NG et al., 2001). Assim, a
compreensao dos mecanismos que as plantas utjiaeartolerar a seca € fundamental para o

desenvolvimento de cultivares tolerantes.

Para assegurar a sobrevivéncia, as plantas podeenwidver mecanismos de
adaptacdo a falta de agua como: fechamento dosnast®) ajustamento osmdtico,
ajustamento da parede celular, producéo de folleasnras, reducédo da area foliar, aumento
na densidade e profundidade de raizes e espessatiaetiticula (MATTOS et al, 1999).

Nesse aspecto, a fotossintese € um dos processoset@dolismo primario dos
vegetais que € mais afetado pela restricdo hidkitd & HUANG, 2008). Diminuicdo da
difusdo de C@da atmosfera para o sitio de carboxilacdo é gergkrconsiderada a principal
causa da diminuicdo da fotossintese em planta éfiditchidrico moderado (FLEXAS et al.,
2004).

Segundo Cornic (2000) a limitacdo estomatica &aoeimo o principal fator redutor
da fotossintese. Isso porque ao absorverem @®vitavelmente, as plantas perdem agua
pelas folhas através dos estbmatos, que apresemt@anismos para controlar o seu grau de
abertura. Abertura e fechamento dos estomatos depeda acédo coordenada do mecanismo
que controla a turgescéncia das células-guardaregidgacio de horménios como o Acido
abscisico (ABA), Etileno, Giberelinas (fechamergd}itocininas (abertura) (CHAVES et al.,
2003). Assim, os estdmatos apresentam papel fundahras trocas gasosas, controlando a
perda de agua por transpiracdo e a assimilaca@®dp&las plantas (JONES, 1998).

Um controle estomatico eficiente sobre as trocasggs pode reduzir a perda de agua
quando as plantas estdo sobre baixa disponibilidadeca e elevada taxa evaporativa
atmosférica assim, evitam que ocorra uma seveidrdes;do das folhas (ARCOVERDE et
al., 2011). Entretanto, quando o estresse tornmade intenso a planta também recorre a
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controles nao-estomaticos, como acumulo de solngé&nicos (MARQUES DA SILVA &
ARRABACA, 2004) e producéo de metabdlitos secumddfhALAM, 2010).

Outra resposta das plantas a baixa disponibilidedi&gua € a inibicdo de crescimento
aéreo e radicular que, apesar de diminuir a aeespiracional, acaba reduzindo também a
radiacdo interceptada durante todo o periodo viegeta, finalmente, ocorre diminuigdo da
producdo de biomassa (PEREIRA & CHAVES, 1993). lasompanhado por fechamento
estomatico e, consequentemente reducdo de gancarfCQ) captado para fotossintese,
acaba induzindo um estresse oxidativo, que podarafemetabolismo normal através de
danos oxidativos a lipidios, proteinas e acidosémas (POMPELLI et al, 2010). Condi¢des
de seca severa pode ainda levar a interrupcao semdalvimento reprodutivo, senescéncia,

murcha, dessecacao e morte de folhas imaturas (EZE|1986).

Além disso, a perda de turgor causado pelo déficditico nas plantas pode parar o
crescimento vegetal, além de afetar diversos psosebioquimicos como a diminui¢cdo na
sintese de proteinas (HSIAO, 1973; RODRIGUES gf@ll1) e aminoacidos (RODRIGUES
et al, 2011).

Depois da fotossintese, um dos processos maisdagetdurante a seca é o
metabolismo de carboidratos, devido a diminuicdooflrta de CQ@ para as enzimas
carboxilases, como consequéncia do fechamento astmmAnalises bioquimicas sugerem
que alteracdes no processo de quebra de carbaidialoestresse hidrico seja uma resposta
adaptativa (ALAM et al, 2010). Em alguns casos goam nivel de agua atinge valores muito
baixos observando-se ndo somente diminuicdo na thxametabolismo de carbono
fotossintético, mas também mudancas qualitativa8RJUES DA SILVA & ARRABACA,
2004).

Ainda, teor e composicdo da cuticula também podemfedr protecdo a planta uma
vez que sua funcao fisioldgica primaria € limitgpesda de agua por controle ndo-estomatico,
e essa funcdo tem sido frequentemente relacionaderas epicuticulares (BAUR, 1998).
Outras funcbes também séo atribuidas a essa eatrpnotecdo contra a luz ultravioleta
(CHARLES et al., 2008) e a moderacao da troca desga(JEFFREE et al., 1996).
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Em se tratando de plantas da Caatinga, estudos aslpropriedades fisico-quimicas da
cera epicuticular sdo de alta relevancia (OLIVEI&AI, 2003). Quando se propde cultivo de
plantas para esta regido, o sucesso do empreerididegende em alto grau da resisténcia da
cultura ao estresse hidrico. A presenca de umeutaitinuito impermeavel tem sido descrita
como uma caracteristica que pode indicar toleréseca (JAMAUX et al, 1997) assim, as
plantas com baixas taxas de transpiracdo cutipddem conservar uma alta quantidade
relativa de agua em condi¢des de déficit hidrico.

2.2 Ceras cuticulares

Ha mais de 400 milhdes de anos a aquisicdo decaimartura lipidica, a cuticula,
possibilitou a colonizagdo do continente pelas tpR(KENRICK & CRANE, 1997). A
cuticula esta presente em todos os O6rgdos comirmmes®o primario, estando ausente nas
raizes e em Orgados com crescimento secundariodds@mpenha um importante papel na
fisiologia e ecologia das plantas, sendo a prithdigarface entre as células epidérmicas e a
atmosfera (BUSCHHAUS et al., 2007), além de ser afitéente barreira protetora, uma vez
que atua controlando a perda de agua, ions e mesjee reduz a infeccdo por patégenos
(GUHLING et al., 2005).

A cuticula € uma camada bastante heterogénedtada®sde cutina e ceras (JENKS et
al., 2001). Segundo Miller & Riederer (2005), asasesdo, primeiramente, biossintetizadas
para conferir protecdo contra as proteases de $ung@odem ser distinguidas pela sua
origem, ultraestrutura e composicao quimicaso posteente a matriz € formada. A cutina
um biopolimero do tipo poliéster que forma a matliz cuticula. Ja as ceras, podem estar
embebidas na matriz (intracuticular) ou sobrepoétgscuticular) (KOCH & ENSIKAT,
2008). As ceras epicuticulares representam a pianseperficie de contato das plantas com o
ambiente, e sua estrutura e composicdo podem vemi@e espécies de plantas, 0rgaos,
estagio de crescimento (JEFFREE, 1996), no entaétoconstituidas, majoritariamente, por
n-alcanos de cadeia carbodnica longai{Css), alcodis primarios (&-Cso), acidos graxos
(C20-C24), aldeidos (ga-Cze), alcodis secundarios §ECss), cetonas (&-Css) e ésteres (§-



FIGUEIREDO, K. V. — Importancia ecofisiolégica dara epicuticular na tolerancia a seca...

Ces0) Estas ainda podem apresentar triterpendides abilgbs secundarios menores como
esterdis e flavonoides (KUNST & SAMUELS, 2003).

As propriedades fisicas e quimicas da cera catidgterminam fungdes vitais para
planta (BUSCHHAUS et al., 2007). Além de reduzpeada de agua, resguarda a superficie
de folhas, caules, flores e frutos do acumulo addquéas da atmosfera (KERSTIENS, 2006).
Além disso, é eficiente na protecdo contra badéeigdungos patogénicos (GENTRY &
BARBOSA, 2006), bem como atenua os efeitos detetérila radiacdo ultravioleta
(CHARLES et al.,, 2008). As ceras também intermediamas interacdes inseto-planta
(KERSTIENS, 2006).

2.2.1 Cera epicuticular foliar e seu papel na tolé@ncia a seca

A superficie hidrofébica das folhas confere algsmwantagens a planta. A repeléncia a
agua impede que, apos o periodo chuvoso, a ague fejida na superficie, promovendo
assim, a conducao de solutos orgéanicos do intpara fora da planta. A retencdo dessa agua
também criaria um ambiente favoravel a proliferag& microrganismos potencialmente
prejudiciais, como bactérias e fungos patogénie@&REDIA & DOMINGUEZ, 2009). Além
disso, as propriedades fisico-quimicas das cerasuteplares das folhas criam um
mecanismo de auto-limpeza na superficie da forapvendo microparticulas como poeira,
pélen, esporos e microbios (KOCH & ENSIKAT, 2008)comportamento de forrageamento
de muitos insetos, bem como a preferéncia alimeméanbém depende da composicao

quimica e estrutura das ceras epicuticulares (MARKSTER et al., 2000).

Ainda, muitos estudos tém sugerido que as cerastEplares representam um
importante fator de adaptagdo a estresses amisiemt&iuindo seca e alta irradiancia
(JORDAAN & KRUGER, 1992; RAVEH et al.,, 1998; WEIGWI & WINTER, 1991).
Sanchez et al. (2001) e Yang et al. (2011), pomeke, verificaram o acumulo de cera em
folhas dePisumsativumL. (ervilha) e Arabidopsisthaliana (L.) Heyhn, respectivamente,
ocorrendo em resposta ao estresse hidrico. Sarndur(2003) sugeriram que 0 aumento no
teor de cera foliar € uma resposta de aclimatagawéécit hidrico para reduzir a perda de

agua cuticular, melhorando a eficiéncia no uso glaaaa folha. Entretanto, Olivera et al.
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(2003) admitem que a cera epicuticular por si sbénduficiente para garantir a sobrevivéncia

das plantas a longos periodos de estiagem.

Um mecanismo protetor contra o excesso de lundadsi no complexo e sensivel
aparato fotossintético, também € gerado pela ptas#as ceras epicuticulares. Ela controla o
grau de difusdo e reflexdo, e torna toleravel a&nsitlade de radiacdo que alcanca o
fotossistema ativo nos tecidos no interior dasa®lfRIEDERER, 2006). Grant et al. (1995) e
Jeffree et al. (1971) sugerem que as cera epitatesu exercem papel fundamental na
reflectancia da luz nas superficies das folhasMaaseth (1988) verificou que a cera
epicuticular foi capaz de refletir 25% da luz irenite sobre as folhas decheveriasp. e
Reicosky & Hanover (1978) verificaram que a cerdallaa do pinheiro é capaz de reduzir a
absorcdo de comprimentos de ondas longos, reduaindmperatura foliar. Além disso, ao
aumentar a reflectancia, a cera pode diminuiraprile sobre-excitacdo dos centros de reacao
do fotossistema Il, evitando assim, que ocorra sldoto-oxidativos (ROBINSON et al.,
1993)

Por fim, trabalho realizado por Mohammadian et @007) com folhas de
LeucadendroranigerumH. Buek ex Meisn. (Proteaceae) indica que a cenandi a perda
de agua, mas tem pouco impacto sobre a reflectéacfalha. Aléem disso, a deposicédo de
cera sobre os estdbmatos aumenta a resisténciasadalifle gases, acarretando em diminuicao
da transpiracdo estomética, condutancia e fotessinDessa forma, a producédo de cera pode
colaborar para evitar danos causados pelo exceskxzde esta propriedade pode beneficiar

plantas que se desenvolvem em ambientes aridas altaradiacéo solar.

2.2.2. Cera epicuticular em Euphorbiaceae

Estudos com lipidios cuticulares foliares de Euplaceae sdo restritos a poucos
géneros, e em sua maioria tratam de interacdodidaloou da quimica. Em espécies de
MacarangaThouars foram identificados triterpenos cuticidacemog-amirina, fridelano e
taraxerol, parecendo serem responsaveis pela g¢aterglanta-formiga (mimercofilia)
(JURGENS et al., 2006; MARKSTADTER et al., 200@.Guhling et al. (2005) encontraram

acidos graxos, alcodis primarios, aldeidos, além-dmirina,-amirina e lupeol compondo a
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cera epicuticular deMacaranga tanarius (L.) Mull. Arg.. Triterpenos também foram
caracterizados envanihot Mill. (MARKSTADTER et al., 2000) e em caule dRicinus
communisL. (GUHLING et al., 2006). Em todos os casos, ar@swia de triterpenos foi

relacionada a presenca de cristais na cera epitartic

Nas folhas da mamona foram identificadealcanos, alcoois primarios, aldeidos,
acidos graxos e triterpenos (lupe@lamirina ef-amirina) (VERMEER et al., 2003) e, no
extrato foliar deCnidoscolusaconitifolius(Miller) I.M. Johnston foram identificados, além de
a-amirina ef-amirina, amirenona e-alcanos (ESCALANTE-EROSA et al., 2004).

Nenhum dos trabalhos, no entanto, trata da impcieado teor e composicdo das
ceras epicuticulares nos mecanismos de trocas aggsomanutencdo do status hidrico das
plantas.

2.3Jatropha curcas L. e Jatropha mollissima (Pohl) Baillon.

Jatropha curcasL. e Jatropha mollissimgPohl) Baillon. sdo espécies exética e
nativa, respectivamente, encontradas em todo o estd brasileiro, sobretudo em
Pernambuco. Em um ambiente naturalmente arido ou-&&do, € comum a exposicao
dessas espécies as condi¢gbes de alta demandaagivaperdéficit hidrico, o que acarreta um
desenvolvimento limitado. Diversos fatores de ssegetal como excessiva temperatura, luz e
evaporacao, bem como pouca disponibilidade hidrsdringem a assimilacdo de Cdestas
espécies (KHEIRA & ATTA, 2009; POMPELLI et al., 201

Sobre as espécies propostas neste estudo ndo smuiéns dados literarios. Os
Unicos dados encontrados tratam de plantulds dercascultivadas sob condi¢des de casa de
vegetacdo expostas a diferentes regimes de défiditco (ARCOVERDE et al., 2011;
POMPELLI et al.,, 2010). Em se tratando de condigdescampo, Santos (2008) avaliou
comparativamente o comportamento fenoldgico, bemmocdrocas gasosas foliares e
eficiéncia fotoquimica na Zona da Mata e AgresteEdtado de Alagoas. Porém, ndo ha
qualquer registro de trabalhos com ecofisiologiaedpécies nativas nas duas principais

condicdes climaticas ocorrentes na Caatinga: ag@st chuvosa e seca.
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Jatrophacurcasé uma planta rastica, com uma grande plasticidadestente a longas
estiagens, bem como a pragas e doencas, senddwaaptondicbes edafoclimaticas muito
variaveis. Possivelmente é nativa de areas trapidai América do Sul e, atualmente,
encontra-se amplamente cultivada em areas tropaaig\frica e Asia (OPENASHAW,
2000). Desenvolve-se bem tanto em regifes tropsaf®s como nas zonas equatoriais
Umidas, assim como em solos pedregosos, arenosadines, podendo suportar longos
periodos de seca. Ha ainda os beneficios de produgise inicia a partir do segundo ano do
plantio e perdura de quarenta a cinquenta anoslupido de quatro a cinco quilos de
semente por individuo a partir do quinto ano defa KUMAR & SHARMA, 2008).

Jatrophacurcascada vez mais tem atraido atencéo para o uscadessmentes como
matéria-prima na producdo de biodiesel. Suas ses@untém 30 a 35% de 6leo com as
caracteristicas necessérias para a producédo doniostivel (AGARWAL & AGARWAL,
2007). O teor de 6leo dkcurcasé superior ao de oleaginosas tradicionais coma ¢i5-
30%), soja (18-20%) e algoddo (18-20%) (MORETTO ETH, 1998). Além disso, o
pinhdo-manso tem sido usado na recuperacao de uao férteis, prevencao e controle da

erosao, como cerca viva em areas de pastagem (KUBSRARMA, 2008)

Embora relevante economicamente, deve-se considerafeitos negativos que seu
cultivo poder promover. Em muitos casdscurcas € considerada uma espécie exotica
(SAHOO et al.,, 2009) e o seu crescimento pode cae$aitos negativos para a
biodiversidade. Heller (1996) chama a atencéo pagteito fitotoxico da torta de sementes
usada como fertilizante, na germinacéo de espkias. Ja Sahoo et al. (2009) mostrou que
a possibilidade de qualquer efeito alelopatico ddhmo-manso é remota, uma vez que a
espécie suporta uma variedade consideravel de faesa-e microbiota, além de permitir o

crescimento de outras espécies nativas como tardbénmteresse econdémico.

Jatrophamollissima é um arbusto nativo ocorrente na Caatinga. Pasfbotiescéncia
terminal cimosa, mondica, flores pentameras, pid$ e estaminadas do tipo prato e
produtoras de néctar e frutos do tipo esquizocaspisecos, com trés cocas globosas de
deiscéncia explosiva e, consequentemente, dispprg@aria por autocoria (NEVES et al.,
2010). O pinhdo-bravo destaca-se pelo potencialgoieso apresentado por suas sementes
(38%) (MAYWORM et al., 1998), mas dependendo dasaataristicas intrinsecas do fruto,
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sua forma de cultivo e colheita, esses teores podemsignificativamente inferiores
(TEIXEIRA, 1987). Embora haja estudos sobre a egal(LEAL et al., 2007) e fenologia de
J. mollissima(NEVES et al., 2010), séo raros os trabalhos dpgedem caracteristicas de

ordem ecofisiolégica ou mesmo produtiva da espécie.

Diante do potencial econémico gdiecurcase J. mollissimaapresentam e a vantagem
de serem bem adaptadas a baixa disponibilidadedidém de se desenvolverem bem em
areas abandonadas e degradadas, ambas podemmigprase alternativa de cultivo para o
sertanejo, diminuindo a pressdo sobre as espéatams e assim, contribuindo tanto para
recuperacdo de areas inférteis como para a cogdende areas preservadas de vegetacao

nativa.

Além disso, trabalhos envolvendo a ecofisiologe l@oquimica de plantas nativas e
exoticas da Caatinga e que apresentam potenciabedco como oleaginosas ajudariam a
compreender os diferentes fatores que determinhabididade dessas espécies em tolerar a
seca. O conhecimento da eficiéncia da cuticula cbareeira antitranspirante € de suma
importancia para entender os aspectos de tolergoneado estas espécies estao sujeitas ao
déficit hidrico (BUSCHHAUS et al., 2007; GUHLING &k, 2005).
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Abstract

The primary physiological function of the cuticketo limit leaf water loss, thus, in semi-arid
region has great importance. In this study, we exadhthe hypothesis that the quality and
content of the epicuticular wax between differegpees influences the leaf gas exchange.
Plants ofJatropha mollissimaa Brazilian semi-arid native, ardéitropha curcasan exotic
species, were subjected to a water deficit in tresgnce or absence of epicuticular wax.
Plants were grown in 10-L pots under greenhouséditions. The relative water content, gas
exchange parameters and primary carbon metabolisre wmeasured at 21 days after the
irrigation was reduced to induce a water deficiheTwell-watered plants of both species
showed recovery of gas exchange days after thevadnod epicuticular wax. Furthermore,
under drought, a gradual increase in transpiratas@s was only observed in native species
leaves without wax, although the stomatal condwetatid not differ between both species.
High relative water content was maintained, ex@eptaves under drought and without wax
from the 18' day when compared with all other treatments. Wae production was induced
in both species under water shortage. Neverthelbgsnative species showed a higher
content of long-chaim-alkanes In fact, the barrier to water vapour under redustomatal

conductance was highest in the native species.
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Introduction

Native or exotic plants adapted to semi-arid regjiexrhibit efficient stomatal control (Souza
etal. 2010; Arcoverdeet al. 2011; Rodriguest al. 2011) and have a thick waxy layer and/or
composition with different water permeability (Gdiva and Salatino 2000; Oliveiret al
2003).Jatropha mollissimand Jatropha curcasare native and exotic shrubs from Brazilian
semi-arid, respectively, which are located in opeeas of the Caatinga, seasonallydry
tropicalforestin Brazil. Both are rich in oil, approximately 40% of the isicontained within
the seeds (Maywoet al 1998). The characteristics of this show greatiptal for use as
biofuel (Maes et al. 2009).

Drought is a major abiotic factor that affects fuecess of plants (Manavalahal. 2009;
Pinheiro and Chaves 2011). The rapidly changinpalalimate has increased the aridity in
semi-arid regions of the world, which ultimatelyirgcts the growth and survival of plants in
these areas (Chavesal. 2002; Passioura 2007). Water deficits initialtfeet photosynthesis
because the diffusion of atmospheric GQ@the site of carboxylation is limited (Chawesl.
2003; Santost al. 2006). In most cases, plants respond to watesstthrough stomatal
control (Souzaet al. 2010). Stomatal control reduces water loss, wiiah provide the
maintenance of relative water content under lowewavailability and high atmospheric
evaporation (Arcoverdet al. 2011; Pinheiro and Chaves 2011). On the othed,h#dre
stomatal closure may increase the leaf temperatuesto low transpiration rate, specially
under field conditions in semi-arid region (Chaeésl 2002; Froset al. 2012).

Another adaptive mechanism is a hydrophobic lalgat toats the epidermis of all aerial
plant organs. The primary physiological functiontleé cuticle is to limit water loss through

non-stomatal control, and this role has often kessociated with its content and composition,
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l.e., epicuticular waxes (EW) (Yanet al. 2011). In fact, the cuticular conductance for
atmospheric carbon dioxide (GOand water vapour is low, which is ignored in most
situations, except when stomatal conductance iemely low. The cuticle is composed of
three important constituents: waxes, polysacchamdeofibrils and cutin. Cutin is a three-
dimensional polymer network of esterified fatty dsci Thus main barrier for diffusion is
located within a waxy skin, which is less thaprh thick (Kerstiens 1996). The epicuticular
wax is a complex mixture of straight chain C20 ®@0Gliphatics that might include cyclic
metabolites, such as triterpenoids and flavonoBiskér et al 1979). The structure and

composition of epicuticular wax could also serveasechanical barrier against various other
factors, such as insects, pathogens-BJvadiation, and extreme temperatures (Barnes and

Cardoso-Vilhena 1996).

We hypothesised that removing the epicuticular atiers gas exchange in both species,
thereby increasing the transpiration rate in wedtaved plants but not in plants under drought
stress. It is known that the wax content is relateshcreased drought tolerance in some plant
species (Yangt al 2011). Moreover, several studies have shown dhder drought, the
cuticular wax content increases in the leaves témint species, such as cotton (Bondata
al. 1996), peanut (Samdat al 2003) andArabidopsis thaliangYanget al. 2011).

Thus, the primary objective of this study was talaate the role of epicuticular wax gas
exchange, leaf water relations and some leaf broated parameters af. mollissimaandJ.

curcasunder mild water deficit.
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Material and methods

Plant materialand growth conditions

Jatropha mollissima(Pohl) Bailon andJatropha curcasL. (Euphorbiaceae) plants were
propagated from seeds under greenhouse conditiorf0iL pots containing 9.0 kg of
substrate: a 3:1:1 mixture of black earth, red @ag washed sand, respectively. After 125
days of cultivation under optimal hydration, thet@raguantity in the soil wagaried: 100%
(control, 560 mL) and 25% (stress) of the pot cédpaturing 21 days. During the experiment
the average temperature in the greenhouse ranged 24 to 33°C, and thenaximum
photosynthetic photon flux density (PPFD) was appnately 700 pmol m-2 s-IThe vapor

pressure deficit (VPD) variations are shown (Fig. 1

Leaf relative water conteffRWC)and soil(SRWC)

The relative water content (RWC), which characesighe maximum hydration of the tissue,
was measured at predawn during the 15 days of watatment. The RWC was calculated
using the formula: [(FW-DW)/(TW-DW)] x 100, wheréAFis the leaf fresh weight, TW is

the turgid weight and DW is the dry weight at 8G&fter 48 h (Barrs and Weatherley 1962;
Souzaet al. 2010). The soil relative water content (SRWC) wakulated using the formula

(FW — DW)/DW.

Mechanical wax removal
Two leaves per individual from each species subgedb different water treatments were

choosed and EW was removed. The removal was pestbunsing an aqueous solution of
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gum arabic (Sigma-Aldrich) (1.5 g rif). applied with a brusbn theabaxialand adaxial leaf
surfaces at a rate of 0.1 thicn?. After 24 h of soaking, the newly formed film wasnoved

with tweezers (Jetter and Schéffer 2001).

Epicuticular wax content

At maximal stress in Z1day, undamaged and fully expanded leaves of boticies were
subjected to extraction using two successive 3@eatrhents with dichloromethane. The
average epicuticular wax content was calculatedhasratio between the amount of wax
obtained and the dry leaf weight, which was exmesas % dry matter. The classes of
compounds were identified using Thin Layer Chrorgeaphy (TLC) with silica gel (Fluka
60760 Kieselgel G) containing a 0.02% sodium flgsoeen salt (Fluka F6377) andt
hexane/dichloromethane (73:27 v/v) as the mobikspHollowed by visualisation under long

wave UV.

Leaf gas exchange

The gas exchange was measured using an infrarecamgser (IRGA, model LCpro
Analytical Development Co. Ltd, Hoddesdon, UK), alhimeasures the stomatal conductance
(gs), net CQ assimilation Py) and transpirationH). The measurements were performed using
fully expanded and healthy leaf from six plants freatment. Two leaves with and without
EW were measured from each plant (removed at 4&ford water restriction). All gas
exchange measurements were made between 0930 aadch Mith the IRGA leaf chamber
PPFD set at 700 pmol m-2 s-1. Leaf temperaturemeasured at the same time as leaf gas

exchange using an infrared thermometer.
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Biochemistry analysis

The fully expanded leaves of control and drougrdssted plants were collected in the middle
of afternoon (14:30 h) of 21day after water shortage. These leaves were wdappe
aluminium foil, immersed in liquid nitrogen and std in a freezer -2C. These leaves were
used to determine the total soluble carbohydrai&C], soluble proteins (SP), total free
amino acids (FA) and total chlorophyll (CHL). Theesh leaf samples were examined
following the methodologies of Duboist al. (1956), Bradford (1976), Moore and Stein

(1948) and Lichthenthaler (1987), respectively.

Statistical analysis

The experiment was conducted in a completely ramsanfactorial using two species, two
water regimes, two leaves per individual (with amthout epicuticular wax) and seven
replicates. The data were subjected to analysivaofaince and the mean values of the
treatments were compared with the Student-NewmarisKeest at 5% significance when

needed, using the Statistica software package.0giStatsoft Inc., Tulsa, OK).

Results

The leaf RWC of]. mollissimawas approximately 10 % higher (p < 0.05) than thfal.
curcasin all treatments (Fig. 1a-b).There was no difference between the RWC values fo
the control and stressed]. mollissimaplants (p > 0.05), regardless of the treatment day
except in leaves with both stress associated withught and without wax. The RWC of the

J. curcasleaves differed between treatments (p < 0.05)days of stress (p <0.05). The



FIGUEIREDO, K. V. — Importancia ecofisiolégica dara epicuticular na tolerancia a seca...

26

curcasleaves under stress and without wax showed a IRMEE from the 18 day after
water shortage, but the mollissimaeavesunder the same treatmeattsame condition only
exhibited a lower RWC at maximal stress (Fig, b). The soil relative water content
(SRWC) under water stress was 50% lower maximuesstfFig. t).

The stomatal conductanceys) reflected a significant association between thatew
availability and presence of epicuticular waxJinmollissima(p < 0.05) (Fig. 8). At 24 h
after the initiation of stress, a strong stomatahtool was induced id. mollissimaplants
subjected to water restriction, regardless of th& mwresence. In well-watered plants, a lower
gs was observed after the wax was removed than wheaxg coverage was present. After
the 10" day of stress, the leaves without wax showed highthan the intact leaves in well-
watered treatment (Figap However, thel. curcasplants showed a decreasgddue to the
water regime (p < 0.05), but the absence of waxrfwaeffect on this parameter (Figl)2

As a consequence of stomatal closure, both spstiemed a decrease in the net,CO
assimilation rateRy) under water stress (Figb2e). Similarly, thePy in the leaves of both
species was influenced by water deficit and waxowah(p < 0.05); plants under stress with
or without wax showedPy values lower than the controls, but the of leaves without wax
was decreased approximately 75% during the firgs @ stress or at 48 after wax removal
(Fig. 2o, €). Well-watered plant leaves without wax showedoadr Py, around 30%,
compared with intact well-watered leaves (Fib, & 48 h after wax has been removed. The
well-watered leaves from. mollissimaplants after the 5day without wax showeds and
Pn values that were comparable with the control. Hewethe same values in tle curcas
well-watered leaves were recovered only at' @dy after wax removal (Figb2e).

The transpiration rateg) in the leaves ad. mollissimawith and without epicuticular wax

differed under both water regimes in native spe¢igg. Z). Under maximal water stress
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conditions at 2% day, J. mollissimaleaves without wax exhibited ten-fold higher waltess
rates. On the other handl, curcasdid not show this behaviour (Figf)2Under water deficit,
both species decreasgg Py andE values from the'Bday after water shortage.

Both species maintained leaf temperatures (6-81@t twere higher than the air
temperature (Fig. 3), even with changes in VPDughout the experiment (Fig. 1). In leaves
of J. mollissimaandJ. curcas there was a variation in the leaf temperattifetliroughout the
experiment (p < 0.05). From the"1®ay forJ. mollissimaand the 7 day forJ. curcas the
temperature in the leaves under water deficit donB was 2°C higher than in the leaves of
the well-watered plants. The temperature in thedsawvithout wax was not different from
that in the wax-covered leaves (Fig. 3).

Epicuticular wax content increased 68% Jn mollissimaand 67% inJ. curcaswhen
subjected to water restriction (Table 1). The tetak content inJ. mollissimaandJ. curcas
plants under watered and stressed conditions wadifferent. The wax for both species was
predominantly comprised of-alkanes triterpenes, fatty alcohols and fatty acids. Hoere
only J. mollissimashowed a predominance of long chaialkanes and the same amount was
present in both well-watered and drought-stressadds (Table 1).

There were no significant differences in the ledtible carbohydrates (LSC), total protein
(TP) and leaf free amino acids (FA) in both specidse total chlorophyll (CHL) contents

increased under water deficit, firstly in nativeesies (Fig. 4, h).

Discussion
The results showed that water deficit, absencepafudcular wax and the combination of
both factors induced changes in gas exchange ingydumollissimaandJ. curcasplants

native and exotic from a semi-arid region in Brg#&lg. 2a-f), respectively. Nevertheless,
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both species under well-watered and without wawvds treatment, recovered and Py
values in the end of experiment.

Decreasing ifPy andE in young water-stressed plants of both speciesasasciated with
lower gs. In J. curcasplants, the control of stomatal aperture has besmociated with an
immediate response to low soil water availabilirqoverdeet al 2011; Rodrigue®t al
2011; Pompelliet al 2010; Silvaet al 2010). MoreoverJ. mollissimaplants under both
water regimes maintained the highest RWC (Fig) throughout the experiment period,
potentially reflecting the adaptation of natiemollissimaplants to water deficit, a condition
common to semi-arid Brazilian regions. However,Jinmollissimaleaves that EW was
removed the RWC decreased at maximal drought stfegsla-b), showing barrier efficacies
against leaf transpiration under mild water shategnditionsJ. curcasplants with EW also
maintained a stable RWC under stress, which isistamd with results of Arcoverdet al
(2011), where a reduction in this parameter waemesl only under severe water deficit.
However, in the present study, even under mild msttertage, the leaves under drought and
without wax (Fig. b) showed a decreased RWC, which shows the impatah&W under
drought stress, when the closed stomata reducesegelsange. However, even the
transpiration rate has not increased (Fij}. ®e could realize the importance of wax for this
species also. Perhaps no increasgé wélues was a consequence of the lower RWC innble e
of drought treatment (Fig bl

Under greenhouse conditions, two situations shbel@dbserved for gas exchange: In the
first situation, well-watered leaves without wax both species exhibited low&y values
after the first day of water deficit (48 h after xswveemoval), with a greater intensity th
mollissima Nevertheless, after 5 dayk, mollissimaleaves without wax began to recoggr

and Py (Fig. 2a-b) compared with the control. This recovery did notur inJ. curcas(Fig.
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2¢e), which maintained a reducd® in well-watered leaves without wax until 2#lay when
compared to well-watered leaves with wax. In theosd situation, thgs, Py andE were
decreased under drought stress in both leaf typdsspecies. The results of this study are
contrary to the findings of Mohammadiah al (2007), where in epicuticular wax removal
increased transpiration and photosynthetic ratdsircadendron lanigerunbut under field
conditions, which might have led to the differenaeghe responses obtained in our study.
Thus, EW influences gas exchange differently, ddpgnon the species and conditions of
hydration. If there is sufficient water availabyliin the solil, there is no restriction on tgg
however, the absence of wax in the cuticle caresmse stomatal control. The EW might have
a different composition and content between spe@i#éshammadianet al. 2007; Grantz
1990; Oliveiraet al. 2003) and could increase (Table 1) with decrepginto restring leaf
water vapour, demonstrating a tolerance mecharasmater stress.

Several plants have shown an acclimatory respansater deficit through increasing the
epicuticular wax load on the leaves during the 8@ days, (Bondadet al 1996; Hauke and
Schreiber, 1998; Samdet al 2003). In our study, the epicuticular wax contamtreased
after 21 days under water shortage in both sp€@iasle 1). These results suggest that the
production of wax was increased in both speciesuddought, which has been shown in
previous studies (Grantz 1990; Premachamdral 1992; Yanget al 2011). The leaves of
well-watered plants without wax showed a decreagsethdPy, which was recovered after a
few days (Fig. 8d). Thus, accumulation of waxes reflects a rapidotateon of the species to
low soil moisture conditions. Grantz (1990) showedt the deposition of wax on stomatal
guard cells and other cells was absent under highidity and induced under low humidity.
The formation of wax around the stomata might beessary to increase the efficiency of

stomatal closure, reduce transpiration, and mediateght tolerance (Yangt al 2011). Wax
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deposition must start as early as a few days #feeperception of stress (Premacharetral
1992), and tolerant species often have thickeafaliax (Shepherd and Griffiths 2006).

The EW quality was different between species. Thusmollissimaleaves showed a
predominance of long-chaim-alkanes under both water treatments (Table 1). The
predominance of long-chamalkanesis associated with water stress. Olivestaal (2003)
discussed that native plants of Caatinga has diitechemistry of the wax constituents and
and this factor was shown important to determimedégree of resistance to water vapour, in
addition, n-alkanesand alcoholic triterpenes were the most efficieantibrs. In this study,
higher RWC was observed throughout the experimemgaiod in native plants from a
Brazilian semi-arid region compared with the exsfpecies under greenhouse conditions. In
this way, when the EW was removed from the treatmerder stress, th& in the J.
mollissimaleaves increased from the™8ay of water restriction compared wiih curcas
leaves under the same treatment (Fig.fg moreover, thegs was extremely low in both
species (Fig. & d). The barrier established by EW becomes evideramthegs was low
(Kerstiens 1996). Under maximum drought stres§' (2y), thed. mollissimaleaves without
wax showed a highdf than the leaves with wax (Figc)2 again thegs was the same for both
water conditions (Fig.&. Thus, the RWC was decreased in leaves withoutwagaer stress
(Fig. 1a, b) compared with the other treatments in both sgedibese results suggested that
long-chainn-alkanescan lead to loweE in leaves with wax of the native species under
drought conditions.

Leaf temperature was not affected by EW in anytitneat. Our results showed that leaf
temperature is determined by soil water availgbiltlants under water stress had higher leaf
temperature with or without wax. Even when theres waiigh transpiration rate, as observed

in J. mollissimasince the water availability in the soil was safficient to replace the water
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lost to atmosphere, which can be seen in the |dRMIC of the stressed and without wax
leaves (Fig. 1a, b). Both species exhibited leafperatures higher than the air temperature;
however, the irrigated plants exhibited tempera#&°C lower than in the stressed plants
(Fig. 3). In semi-arid regions, excessive radiatmal high temperature generally accompany
a water deficit, which results in multiple stresstbrs for the species; however, the biggest
factor is the water restriction, as shownlircurcas(Silvaet al 2010). According to Riederer
(2006), wax controls the degree of diffusion anflection of UV radiation to increase the
tolerance to radiation. The reduction of leaf terapge (Jenks and Ashworth 1999) is
another role attributed to EW, which this study dat indicate (Fig. 3). In fact, it has been
argued that EW reduces water loss but does ldtteftect sunlight, and the deposition of wax
around the stomata increases resistance to gassidiif consequently lowering and Py
(Mohammadiaret al 2007).

Under moderate water stress, the leaf gas exchaagelecreased and the leaf temperature
was increased; however the RWC was not change@pext leaves under drought without
wax. Other parameters of the leaf primary metabolisere not altered (Fig. 4), except
photosynthetic pigments such as total chlorophyilier water deficit. These results were
consistent with those of Arcovereééal (2011), where id. curcasexhibited changes in these
parameters only under severe water shortage. Teeatis confirm the drought tolerance of
this species and help to demonstrate the importah&&V for the control of transpiration
rates, particularly when stomatal conductanceramgty decreased under drought conditions.

In conclusion, the present study showed that thengoplants ofJ. mollissimaand J.
curcaswere able to tolerate low water availability byimaining high water status through
strong stomatal control. Which does not discar@spibssibility of occur osmotic adjustment

in these species, a hypothesis that can be tesfeture studies. The integrity of the EW was
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essential for the maintenance of gas exchangedibr ¢pecies, as its removal redugg@nd
Pn. Under drought and without walkk, increased ird. mollissimaleaves after 15 days, even

thegs was near zero, which suggests an important rolth®EW in the native species.
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Table legend

Table 1. Changes to the n-alkane content of cuticles framng Jatropha mollossima and
Jatropha curcas plants under water deficit. Thgaition was reduced to 25% of the control to
induce water stress. Values are the mean ( + afdbhree replications. Alkanes are listed
according to their carbon numbers. Values withispacies followed either by the same
lower-case letter or the same upper-case lettenatrsignificantly different from each other

(Student—Newman-— Keuls test at 5%)
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Figure legends

Fig. 1. Relative water content (RWC) &h mollissimaa), J. curcas(b), substrate moisture)(

and variation of vapor pressure deficit (VPH@) gnder greenhouse conditions. The irrigation
was reduced to 25% of the control to induce wategss, and the epicuticular wax was
removed at 48 h before inducing water stress. Bswibol represents the mean value of five

replications (zS.E.).

Fig. 2. Changes in stomatal conductangg (a, d), net CQ assimilation Py) (b, €) and
transpiration E) (c, f) in young J. mollissimaand J. curcas plants under greenhouse
conditions. The irrigation was reduced to 25% @& tlontrol to induce water stress, and the
epicuticular wax was removed at 48 h before indyeirater stress. Each symbol represents

the mean value of five replications (£S.E.).

Fig. 3. Changes in leaf temperatui®g ) (°C), in youngJatrophamollissima(a) andJatropha
curcas (b) plants under greenhouse conditions. The irrigati@s reduced to 25% of the
control to induce water stress, and the epicuticix was removed at 48 h before inducing

water stress. Each symbol represents the mean obfive replications (£S.E.).

Fig. 4. Changes in leaf content of total soluble carboatglr (LSC) 4, €), total soluble
proteins (TP)I§, f), total free amino acids (LFAE,(g) and total chlorophylld, h) in youngd.
mollissimaand J. curcasplants under greenhouse conditions. The irrigatias reduced to
25% of the control to induce water stress. Eachb&ymepresents the mean value of five

replications (zS.E.).
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Table 1.
n-Alkane
Jatropha mollissima Jatropha curcas
Control Stress Control Stress

Content (%) 045+0.012b 0.76+0.14a 04+0.011b 0.67 £0.01a
C<19 1511+0.66C 524+0.13D 8.84+0.03D.E 11.21 £2.81D.E
Cl9 - - 8.46+042D.E -
C24 - - 11.48+1.91D,E 11.72 £ 1.74D.E
C25 = N 7.01+£0.39E 6.94 £0.27E
C26 - - 891+ 1.08D.E -
G2 5.17+0.14D 620+0.11D 15.04 £ 1.04D 21.14 £2.06B
C28 - - 7.09+0.67E =
c29 15.86+£0.68C 15.29+£042C 19.57+1.05B,C 3416 £3.67A
C31 43.63+4.70A 48.29+ 1.44A 13.59+0.65C.D.E 14.83 +1.83D
C33 2023+231B.,C 24.98+0.73B - =
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RESUMO

O objetivo do trabalho foi avaliar o efeito da rigsto hidrica e da remocdo da cera
epicuticular no mecanismo de trocas gasosasampha curcad.. e Jatropha mollissima
(Pohl) Baill., em casa de vegetacdo. O experimehemleceu ao delineamento em blocos ao
acaso, com 2 espécies, 2 tratamentos (controléressmsdo - 80% e 25% da capacidade do
pote, respectivamente), 2 tipos de folha (com e sera) e 7 repeticdes. Foram analisados
contetdo hidrico relativo (CHR), condutancia estiicadgs), assimilacdoRy), transpiracao
(E), temperatura foliarTf), teor e composicao da cera enescanos cuticulares. Além disso,
carboidratos solaveis totais (CST), aminoacidometitotais (ALT), proteinas soluveis totais
(PST) e o conteudo de clorofila também foram adaka Ambas as espécies mantiveram o
CHR elevado mesmo sob restricdo hidrida qucas 70-80%; J. mollissima 80-90%) e
apresentaram eficiente controle estomético quetinefém reducdes nas taxas de assimilacao
e transpiracdo nas plantas sob estresse hidrictoltdess dos individuos que tiveram a cera
epicuticular removida apresentaram taxas reduzldag, Py e E apenas nos primeiros dias
do estresse, atingindo valores semelhantes aogsquss de referéncia a partir do quinto dia
do estresse. Ainda, as duas espécies apresenfauperior a temperatura ambiente e um
aumento foi observado em plantas sob restricAdchidA T; também foi afetada pela
remocao da cera, com as folhas desse tratamemseapaindo de 1,5 °C a 2,5 °C a mais que
sua folhas de referéncia. Foi observado tambémeiatande aproximadamente 70% no teor
de cera epicuticular nos individuos sob restrigdada, entretanto, uma analise qualitativa do
extrato da cera epicuticular ndo mostrou diferemgasomposicao quimica de acordo com o
tratamento hidrico, sendo composta predominantemmnt acidos graxos/triterpenos acidos,
triterpenos alcodlicos/alcodis primérios nealcanos. Mas a andlise quantitativa mostrou
diferenca na abundancia relativa dessa classe peetdominio do C31 (cerca de 45%) ém
mollissimae do C29 (cerca de 30%) eimcurcas Apesar das alteracdes nas trocas gasosas
nao foi observado diferenca quanto ao metabolis@oC&T, ALT, PT e clorofila. Os
resultados sugerem que plantas jovensl.d@ollissimae J.curcas sdo capazes de tolerar
déficit hidrico, mantendo seu metabolismo e quategridade da cera € fundamental para
manutengao das trocas gasosas.

Palavras-chavesEuphorbiaceae, cuticula, déficit hidrico, trocasogas
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ABSTRACT

The purpose of this study was to evaluate the efféovater stress and removal of the
epicuticular wax in gas exchange mechanisrjaitmopha curcad.. andJatropha mollissima
(Pohl) Baill. growing in greenhouse. We used thpeexnental design of randomized blocks
with treatments arranged in a factorial 2 x 2 X 2. xwo species, two treatments (control and
stress - 80% and 25% of the capacity of the papeetively), two leaf types (with and
without wax) and 7 determinations. Were analyzed thlative water content (RWCQC),
stomatal conductanceyy, assimilation By), transpiration E), leaf temperatureT(), wax
content and composition, andalkanes profiles. In addition, total soluble cdrpdrates
(LCYS), total free amino acids (FAA), total solulglotein (TP) and chlorophyll content were
also evaluated. The two species maintained RWC kiggn under water restrictiond. (
curcas 70-80%;J. mollissima 80-90%) and showed an efficient stomatal contvbich
resulted decreases in g@ssimilation and transpiration rates in the plamider water stress.
The leaves of plants that had epicuticular wax needcshowed decreases rateg®PN and

E only in the first days of stress, reaching simitalues from the fifth day. The two species
showedT, above environment temperature and an increasebpsesved in plants under water
stress. Thd, was also affected by the removal of wax, increagiom 1.5 °C to 2.5 °C in
relations to control group (leaves with wax). ltsmabserved an increase in the epicuticular
wax content (approximately 70%) in the plants undater deficit. A qualitative analysis of
epicuticular wax composition not showed differenaegelation to the chemical types of
compounds between different treatments. On therdthad, a quantitative analysis of
alkanes profiles showed differences, with a predamte of untriacontane ith mollissima
(approximately 45%) and nonacosane (C29).ircurcas (approximately 30%). Although
change was observed in gas exchange, it was netvaasdifference in the of CST, ALT, PT
and chlorophyll content. The results suggest tlbanyg plants ofl. curcasandJ. mollissima
are able to tolerate drought and the integrity e epicuticular wax layer is crucial for
waterproofing and maintenance of gas exchange.

Keywords: Euphorbiaceae, cuticle, water deficit, gas excbang
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