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A ignorancia gera mais frequentemente confianca do queheciomento: sdo os que
sabem pouco, e ndo aqueles que sabem muito, que afirmanaderoma tao
categorica que este ou aquele problema nunca sera regmladtiéncia.

Charles Darwin



“Once we have sequenced all of the relevant plant genomes and have come to realize
that such sequence data leaves many questions in organismgy bislanswered, we
may finally appreciate that organisms are valid and fundehbiological units worthy
of our attention. Then, morphology may finally be appreciand respected as a key to
the understanding of plant organismal biology”.

Donald R. Kaplan

American Journal of Botany 88(10): 1726. 2001



E o Espirito de Deus o encheu de sabedoria, entendiménioiaci. para criar
invencdes... Também |Ihe disp6s o coracao para ensinar a.orencheu-os de
sabedoria do coracao, para fazer toda a obra de mestanaté engenhosafazendo

toda a obra, e criando invencdes.

Exodo 35:31-35



Aquela que ha 13 anos decidiu me orientar

Toc toc toc toc toc... sempre na passada rapida e cadzaigalto.
Ela esta chegando, e logo comeca a metralhar perguntas:

Que cara é essa meu filho? O que vocé estava fazendoe@ ag

Por que ainda n&o fez isso ou aquilo? Ainda temos dinheiro @tqioj

Ja mandou os documentos par FUNARBE/CNPq/FAPEMIG/CAPES/SISBio?
Esta tudo pronto? Tudo dominado?

E a classica: TEM CAFE???

Ou mesmo atendendo ao telefone: “O que eu tenho que falar mesmo”? Ué Renata: Al6?
Sem duavida a que mais sentirei falta €: Como vocé est@u@otom serio de
preocupacao, de alguém que realmente se importa.

Ou pode ser ainda uma chuva de exclamacdes, que séo roaigyarges que as
perguntas:

Que demora é essa meu filho! Vou cortar seu ponto, hein!

Isso estéa errado! Faz de novo! Nao é assim, ndo!

Me liga! (mensagem recebida as 6h da matina)

italo, passa na minha sala! (essa sim, gelava a espindhauraAntartica Subzero!!!l)

Assim defino uma pessoa que é mais que uma orientadora, ssoa ggle durante
esses anos tornou-se mais que uma amiga.

Renata, infelizmente vocé nao € perfeita, mas absadutaminguém o é! No entanto,
saiba que sem sombra de duvidas, quaisquer de seus defeitosdmapagar o
brilhantismo de sua dedicacdo como orientadora, de selcbimMo pesquisadora e
de sua sincera amizade.

Se fosse para recomecar do zero, o faria tudo de novanaamprazer.
N&o escolheria nenhuma outra pessoa para me orientar.

Que os préximos anos sejam de colheitas ainda meliorgse ja tivemos.
No mais, ficara sempre a saudade de dividir a sala coén voc

Meu muito obrigado.



AGRADECIMENTOS

Chego ao final de mais uma fase, e ndo hd como ndo e@rhadepor isso.
Agradeco a Deus, pelo dom da vida, pelo sustento, pela comprepakipaciéncia,
pelo cuidado, pela proviséo, pelo consolo, pelo renovo eapado dispensado.

A Universidade Federal de Vicosa e ao Departamento degiiovegetal, onde
me fiz bacharel, mestre a agora doutor.

Ao CNPqg, CAPES, FAPEMIG e ao projeto Floresta Escola/UNES@DeHx
pela concessao das bolsas e/ou auxilio financeiro a pesquisa

A minha familia, meus pais, Coutinho e Penha e meus irmaagso§/sSara e
Tiago pelo amor e pelas oragdes. Em especial a Sagubajesses ultimos anos tem
sido benc¢&o na minha vida.

Aos meus familiares que mesmo longe, estdo sempre pexoteNdo tios ou
tias, tenho pais e maes adotivos, ndo tenho primos, teméms. Agradeco pelo
convivio e pela amizade.

As professoras Aristéa, Luzimar Campos e Marilia Véatre@ela amizade
companheirismo e ensino.

Aos amigos do laboratério, da IPV (Igreja Presbiteriand/igesa) e do REC
(Real English Center), os quais fizeram toda diferelugante esses anos, em espexial
Pamela Torres, companheira de republica.

Agradeco em especial a amizade de duas grandes amigas, Vangasa Te
Valdnéa Dalvi, que foram um achado precioso. E tambénot@gCarla Feio) que tem
sido companheira nessa fase tdo complicada da vida.

As companheiras de coleta Isabel Silva e Valéria Fernandesagnigo Marc
Guesdon, pelas infindaveis risadas em campo.

A todos os que riram ao choraram comigo no campo.

A todos que de certa forma direta ou indiretamente riboitam para o
desenvolvimento deste trabalho.

Vi



SUMARIO

RESUMO ......coiieieeeeetiteeeeee e ettt steaenss s see st se s sa e eaeeseanteneessenenens ix
ABSTRACT ...ttt ettt et easaee e enes e e et tees s te e eneeeteansanns Xi
1. INTRODUGAO GERAL ....ocoouieeeieeeeeeteeee et eeeeeaee e, 1
2. REFERENCIAS BIBLIOGRAFICAS..........ccocooveeeieeeeeeeeeeeeeeeiees 4

CAPITULO I: New records of colleters in Chamaecrista (Legumino

Caesalpinioideae s. l.): structural diversity, secretiongtional role anc

taXONOMIC IMPOITANCE.......ooi it ee e 12
ADSITACT. ..ttt et e e e 14
INTFOAUCTION ..o 16
Material and Methods............cccviviiiiiiiicee e, 18
RESUIES. ... 20
DISCUSSION. ....ciitieii ettt e et 23
CONCIUSION. ...ttt ettt e s nn e e 28
ACKNOWIedgments. .........ccooieeiiieeieiecie e 29
Literature Cited. . .....ccoovierieiieeeeee e e 29
APPENAIX. ..t e s e a e a e e e e e e e e e e e e e ae e aaaeaa 34
TADIC. . e 38
FIQUIES. ..t e e e e e e e e e e e e e e e e e e aeaaaeas 41

CAPITULO I : Structural diversity of extrafloral nectaries in

Chamaecrista Sect. ADOUCOUILA...........euuuvurueiimmmrrniire e e e e e eeeenaeans 46
ADSEIACT. ....eeeitiece e e e e e e ——— 48
INEFOAUCTION e e e e 49

vii



Material and MethOdS. ... ..ooeeeee e, 50

RESUIES. ...t e 52
DISCUSSION. ...ceiiiiiiie et et e e 55
CONCIUSION. ...ttt e e e e e 60
ACKNOWIEdgmEnts. ..........ooovieriieie et 60
REEIENCES. .o oiiet i e 61
APPENAIX. .ttt sttt 66
TaBIE. ... 69
FIQUIES. ettt 71

CAPITULO lll: A study of the morphoanatomical characters

Chamaecrista Moench sect. ADOUCOUILA.............. commmmneeeeeeeseresinsinenes 10

ADSITACT. ...t e e 78
INEFOAUCTION ... 79
Material and Methods............ccviiiiiiiiiicee e, 81
RESUIES. ... e 82
DISCUSSION. ..ottt eemn et e s 87
CONCIUSION. ...ttt ettt ettt ne e e 91
REfEIENCES. . .uviiieet i e 92
TADIE. . e 97
APPENAIX. ..t e s e a e a e e e e e e e e e e e e e ae e aaaeaa 100
FIQUIES. ... e e e e e et ee e ee e 103
3. CONCLUSOES GERAIS......ocooctiiteceieee et eesees et n e 108

viii



RESUMO

COUTINHO, italo Anténio Cotta, D. Sc., Universidade FedegaVitosa, fevereiro de
2015 Anatomia foliar como subsidio para taxonomia de Chamaecrista Moench
com énfase na secdo Apoucouita (Leguminosae - Caesalpinioided@jientadora:
Renata Maria Strozi Alves Meira. Coorientadora: Adilva de &&@mnceicao.

Chamaecrista Moench (Leguminosae, Caesalpinioideaeje@asassiineae) inclui
mais de 330 espécie®\ presenca de estruturas secretoras € um dos parametros
utilizados para a circunscricdo das seis se¢des do g@&eesmtanto, tal circunscricao
ndo € corroborada pelos estudos filogenéticos. A anatfmir de Chamaecrista tem
se mostrado uma importante ferramenta, corroborandasinelas novas circunscrigdes
taxondmicas baseadas em dados moleculares. Dentrérias estruturas secretoras
descritas para 0 género Chamaecrista, coléteres foramomatos em algumas das
espécies estudadas. Entretanto um estudo comparativo etaidhde e importancia
taxondmica dessas estruturas no género Chamaecristanaméta realizado. Dentre as
secdes de Chamaecrista, poucos estudos tém investigado &pegéauita que inclui
espécies com glandulas no peciolo/raque e no racemo thea@nide nectarios. No
entanto, tal caracterizacdo demanda estudos complesgntano analise da presenca
de acucar e analises histoquimicas. Embora estudos modsctdaham se mostrado
Uteis para a separacdo e delimitacdo de grupos taxonémicasteoss morfolégicos
S80 necessarios para reconhecimento das espécies tartampmquanto em herbario e
nestes casos a morfoanatomia foliar € uma alteenptiomissora. Os materiais foram
processados conforme metodologia usual de microscopisde farredura utilizados
em estudos anatdémico®. trabalho foi organizado em trés capitulos. No capitwdo |
presenca e a diversidade de coléteres em folhas e foneslesenvolvimento de

espécies do género Chamaectidtram avaliadas. Foram descritos seis tipos de

coléteres: “clubshaped”, “racket-shaped”, “long bottle-shaped”, “short bottle-shaped”,



“long digitiform” e “short digitiform”. As analises histoquimicas confirmaram a
presenca de proteinas totais, polissacarideos totais, musilag@ideos na secrecéo
dos coléteres. O tipo e posicdo dos coléteres coanbas novas circunscricdes com
base em estudos moleculares propostas para Chamaddoistapitulo Il procedeu-se
o0 estudo anatdmico das glandulas do peciolo/raque paracaersi tais estruturas
correspondem a nectarios como descrito na literaturanfFobservados 13 tipos de
nectéarios extraflorais (NEF) para Chamaecrista, 0s quoaiem ser impressos, sésseis
ou pedunculados, com superficie secretora cbncava, plamatia ou convexa.
Embora variacdes morfolégicas tenham sido observadastrutura anatdomica e a
composicdo quimica da secrecdo foram similares para toslagpos de NEF. A
formacdo de periderme de cicatrizagdo em NEFs mai®sve@hum fato inédito para
Chamaecrista, uma vez que néo foi relatada para as cegiessio género. O capitulo
[l aborda a morfoanatomia das folhas de espécigS. decdo Apoucouita com vistas
verificar a utilidade dessas caracteristicas para dx@snbmicos. O arranjo do sistema
vascular no peciolo/raque, tipo de mesofilo, idioblastos ngiedaos na face adaxial e
abaxial da epiderme, contorno das paredes periclinais Wldascépidérmicas (reto na
adaxial e sinuoso na abaxial) e posicao e tipo de estéfhgoestomatica e paracitico-
laterociclico, respectivamente) foram caracteres osnautodas as espécies da secao
Apoucouita. A presenca e posicdo de papilas na epiderme e @aopesigo de NEF sdo

caracteres promissores quanto a taxonomia de algumaspdases do género.



ABSTRACT

COUTINHO, italo Anténio Cotta, D. Sc., Universidade FederaMimsa, February
2015.Leaf anatomy as an additional tool to the taxonomy of Chamaecrista Moench
with emphasis on section Apoucouita (Leguminosae - Caesalpinioidea@yvisor:
Renata Maria Strozi Alves Meira. Co-advisor: Adilva de Sdlsaceicao.

Chamaecrista Moench (Leguminosae, Caesalpinioideaeig@as€assiineae) includes
more than 330 specie$he presence of secretory structures is one of the paamet
used for the circumscription of theixssections of the genus. However, such
circumscription is not supported by the phylogenetic studiesf lamatomy of
Chamaecrista has proved an important tool to the new taxomingumscription based
on molecular data. Among the secretory structures descifitbedChamaecrista
colleters have been mentioned in some species. Howawmparative study of the
diversity and taxonomic importance of such structuresClhamaecrista has not yet
been performed. Among the sections of Chamaecrista, few sthdiee focused on
sect. Apoucouita, a section with species displaying glands® petiole/rachis and on
the raceme. Such glands have been called extraflecshmes (EFN), even though, no
additional studies such as the analysis of the presdmsiggars and histochemical tests
have been performed to confirm if such glands are in fatsE Although molecular
studies have proved useful in the circumscription of tarda groups, morphological
characters are necessary for recognizing species iriglde and also when dried
material is analyzed and in both cases, leaf anatoraypr®mising alternative for the
recognition of species. For this study, standard anatortecdiniques for light and
scanning electron microscopy were carried out. The presaht & organized in three
chapters. The presence and diversity of colleters oalaj@ng leaves and flowers of

Chamaecrista is described in Chapte§ik types of colleters were described: “club-

Xi



shaped”, “racket-shaped”, “long bottle-shaped”, “short bottle-shaped”, “long
digitiform” and “short digitiform”. The histochemical analyses confirmed the presence
of total proteins, total polysaccharides, mucilage and lipdshe secretion of the
colleters. The type and position of colleter supported oecumscriptions based on
molecular studies proposed for the Chamaecri3tae anatomical study of the
petiole/rachis glands in order to verify if such structuaes in fact nectaries, as
described in the literature, is given in Chapter Il. It wlaseoved 13 types of ENFs for
Chamaecrista. Such EFNs may be impressed, sessile odstalide secretory surface
concave, flat/truncate or convex. Although morphologieaiations were observed, the
anatomical structure and chemical composition of tkeesien was similar to all types
of EFNs. The formation of a wound-healing periderm in oldeN&is a novelty for
Chamaecrista, as such was not reported for the otheorsectf the genus. The leaf
morphoanatomy of C. sect. Apoucouita with the intent of usindh characters in the
taxonomy is given in Chapter lll. The arrangement lté vascular system in the
petiole/rachis, type of mesophyll, mucilage idioblasts in #uaxial and abaxial
epidermis, outline of the anticlinal walls of the epidergglls (straight on the adaxial
side and sinuous on the abaxial side) and the positidtyae of stomata (hipostomatic
leaves and paracytic laterocyclic, respectively) weagattiers common to all species
from sect. Apoucouita. The presence of papillae on the epsl@snwell as the position
and type of extrafloral nectaries are promising attera regarding the taxonomy of

some species of Chamaecrista.

Xii



1. INTRODUCAO GERAL

Leguminosae é uma das familias mais importantes denplardas com flores,
amplamente distribuidas nas regides tropicais, dermila a terceira maior familia
dentre as Angiospermas, compreendendo mais de 720 género808 &Spécies
(Lewis, 2005). Esta familia é tradicionalmente composta és subfamilias:
Papilionoideae, Caesalpinioideae e Mimosoideae (Polhidl.et1981; Lewis, 1987),
embora a filogenia molecular ndo corrobore a monofilissele trés grupos (Lewis,
2005).

O género Chamaecrista Moench (Leguminosae-Caesalpinioiést@e)nserido
na tribo Cassieae subtribo Cassiineae. A consolidacdo denddwaista como um
género foi feita por Irwin e Barneby (1982), quando dividiram @gécassia em trés:
Cassia, Senna e Chamaecrista quais atualmente compdem a subtribo Cassiineae
(Irwin e Barneby, 1982)Chamaecrista inclui mais de 330 espécies (Conceicédo et al.,
2001, 2008; Gereau and Walters, 2003; Rando et al., 2013) com cdr@adiegénero
endémico ao Brasil, sendo 7% das espécies registradas rg@iao Amazonica (Lewis,
2005)

As espécies de Chamaecrista estdo organizadas em seds: sigducouita
Absus Caliciopsis Chamaecrista, GrimaldieXerocalyx (Irwin and Barneby, 1982). A
presenca de estruturas secretoras, como nectarioslaggisake tricomas, € um dos
parametros utilizados para a circunscricdo destas sdt®@s e Barneby, 1982;
Conceicdo et al., 2009; Francino, 2010; Coutinho et al., 2012).trdamento
taxondmico das secdes com base apenas em caractei@sgms, ndo é corroborada
pelos estudos filogenéticos baseados em dados molec{@aneseicao et al., 2009), os

guais demonstram somente a sect. Apouc@Merocalyx sdo monofiléticas.



Nos ultimos dez anos, o género Chamaecrista tem sido foéride trabalhos
abordando a anatomia (Francino et al., 2006; Silva, 2012jnBoet al., 2012, 2013,
2015; Meira et al., 2014, biologia molecular (Conceicaal.e2008, 2009), taxonomia
(Camargo and Miotto, 2004; Rando, 2009; Rando and Pirani, 2011; Raatlp2013
Torres et al.,, 2011; Dantas e Silva, 2013), ecologia (Nasanermel-Claro, 2007,
2010) ou importancia econémica (Morris, 2Q12)

A anatomia foliar de Chamaecrista tem se mostrado umatampe ferramenta
na identificacdo das espécies, corroborando inclusive @ssn circunscricbes
taxondmicas baseadas em dados moleculares (Coutinlad. @013; Silva, 2012;
Francino et al. 2015). Dentre as varias estruturas segsetlescritas para o género
Chamaecrista (Coutinho et al. 2012; 2013, Silva 2012; Franciro 201%), coléteres
foram mencionados em algumas das espécies estudadas.

Coléteres séo estruturas encontradas geralmente nadagml de estipulas e
bracteas e produzem uma substancia pegajosa compostaidg@emou uma mistura
de mucilagem e resina, a qual recobre gemas foliares asflaxercendo funcao
protetora, principalmente contra dessecacao (Foster, 1942akrdtBenouaiche, 1979;
Paiva and Machado, 2006a; Barreiro and Machado, 2007; Shelue2étld; Mayer et
al., 2013). Poucos estudos em Leguminosae, assim como nm génamaecrista
reportaram a presenca de coléteres (Paiva and Machado, 2)0ba&-Paula and
Oliveira, 2007; Paiva, 2009; Coutinho et al., 2013), de forma que stondce
comparativo da diversidade e importancia taxonémica desstasturas no género
Chamaecrista ainda néo foi realizado.

No que se refera secdo Apoucouita, nenhuma atencdo nenhuma atéagé
sido dada desde a ultima revisdo para a secao, feita ra deromm estudo suplementar

a quase quatro décadas (Irwin e Barnerby, 1977). Para identidags®1 espécies (26



taxons, incluindo as variedades) da secédo Apoucocdt@cteres como tamanho do
peciolo/raque, nimero de pares de foliolos, forma do dodoposicdo dos nectarios
foliares sdo amplamente utilizados (Irwin e Rogers, 196 e Barneby, 1977, 1982;
Barneby, 1999)A identificagdo das variedades € uma tarefa dificitdeeas chaves
baseadas em parametros arbitrarios e que sao plasi@beehte modificados pelo
ambiente, tais como tamanho do pulvinulo, a forma do apicefotidlulo e
presenca/auséncia de tricomas tectores. Dessa forma, s&ssai®s estudos
complementares que déem suporte a taxonomia classca®, isquela baseada apenas
emcaractéres macro morfologicos.

A secdo Apoucouita difere das demais secdes por compreender
predominantemente espécies arboreas das Florestas Amaaediitdantica (Irwin e
Barneby, 1977; Conceicdo et al. 2009). Nestas espécies, glargiwladas no
peciolo/raque e no racemo, foram denominadas como necatamnodase apenas na
morfologia e na topografia. Estruturas secretorasomepostos lipofilicos podem ser
morfologica e topograficamente semelhantes aos mestéCurtis e Lersten, 1978,
1980; Durkee et al., 1984; Jauregui et al., 2002) e, nestes casoact@rizacao precisa
demanda estudos complementares como analise da presencaicde & analises
histoquimicas.

Nectarios sdo estruturas secretoras especializadas negdsecde néctar, uma
solucdo acucarada composta principalmente por glicosesdraeteacarose (Fahn, 1979;
Bentley e Elias, 1983; Roshchin@ Roshchina, 1993; Nicolson et al.,, 2007). As
glandulas presentes no peciolo/raque das espécies da sasé@opiBllum foram
descritas como NEFs por meio de estudos anatbmicos miasic{f@®utinho et al.,

2012). Um estudo similar para a secao Apoucouita é desejavel pegara definicao



das glandulas, fornecendo dado que corroborem estudosasewm&icdo das estruturas
secretoras em Chamaecrista.

Dessa forma o presente estudo se propde (1) a invesfigesenca de coléteres
no género Chamaecrista bem como proceder o estudo morfoa@dOntessas
estruturas e sua a utilidade como caracteres que auxiliardosstaxondmicos e
flogenéticos; (2 a avaliar se as glandulas foliares presentes no peciol&rdehi
espécies da secdo Apoucouita correspondem a nectérios exisaffoocedendo sua
caracterizagcdo morfoanatomica) €proceder o estudo morfoanatdmica das folhas de
espécies da secdo Apoucouita e averiguar se tais caraateiesa per utilizados na
separacao de espécies e variedades.

O presente trabalho encontra-se organizado sob a forragigies cientificos,
como disposto nas normas de redacao de teses da Univefsadimial de Vicosa. Cada

artigo segue a formatacéo da revista a que sera submetido waghmubl
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Abstract

o Premise of the researcRolleters are structures that secrete a sticky product
that covers and protects the shoot apex and floral bud€hbamaecrista
colleters have been reported in the cotyledons of gpeeies and on the leaves
of all species belonging to sect. Absus subsect. Baseophylluatoital
studies using taxonomic and phylogenetic approaches are axgcissvaluate
the presence, diversity and importance of collemr&£hamaecrista.

o Methodology: We analyzed 55 species of Chamaecrista belongiing tout
of the six sections of the genus. Samples from botbanem- and field-
collected material of young vegetative and reproductieeistems were used.
The material was subjected to standard anatomical studightymicroscopy
and SEM, and the secretion was evaluated using histochemalgkes.

o Pivotal results: Histochemical analyses for the total proteinsal tot
polysaccharides, acid mucopolysaccharides, pectins/mucikage lipids
generated positive results. Six types of colleters aseribed here: club-
shaped, racket-shaped, long bottle-shaped, short bottle-shapgdliditiform
and short digitiform. Section Apoucouita showed the shortifdigit and club-
shaped types and was the only section with colleterseosepal margins. Most
species of sect. Absus subsect. Absus presented the shartsbaped type
while all species from subsect. Baseophyllum the short digiifand club-
shaped types. Although the short bottle-shaped was the mushaio type
among species from sect. Chamaecrista, the short digitémd club-shaped
were also observed. The short bottle-shaped colletersalserdound in sect.

Grimaldia while in sect. Xerocgt only the digitiform.
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o Conclusions: The topography and components identified in thetmecof the
colleters suggests that such structures may be involvedeipridtection of
developing leaves and flowers. Five out of the six typesritbescin our study
are novelties for Chamaecrista. The distribution dieter structural diversity
provides an important source of new data that may helprifydlae taxonomy

and phylogeny of Chamaecrista.
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Introduction

The genus Chamaecrista Moench (Leguminosae, Caesalpagasde) includes
more than 330 species (Lewis 200G6hamaecrista species are typically herbs (fig. 1A)
and shrubs (fig. 1B) with yellow flowers (fig. 1A, C and tBat are found in rocky
outcrops (fig. 1AB) and in other open sunny areas. Woody species also ajppear
rainforests, especially in the Amazon and Brazilian Aitafarests (Irwin and Barneby
1982; Lewis 2005; Conceicao et al. 2009; Rando et al. 2013). Psgyi@hamaecrista
species were grouped into six sections: Chamaecrista sbstus AApoucouita,
Caliciopsis Chamaecrista, Grimaldia and Xerocalyx (Irwin and Barneby 1982)
Molecular studies have suggested the definition of netiosat and species boundaries
(Conceicao et al. 2008, 2009). According to the circumsoripfiroposed by such
authors, the clades Apoucouita and Xerocalyx were recognizeectsns, sect. Absus
subsect. Baseophyllum should be elevated to the sectionas statl sect. Grimaldia
must now be included in sect. Absus. Sect. Caliciopsis and Chastaevere found to
be paraphyletic. Although these studies demonstrate the foegedxonomic revision
within the genus, taxon sampling was limited and more data eressary before
amending taxon circumscriptions and adopting nomenclatbeaiges.

In the subfamily Caesalpinioideae s.l., secretory stresthave been shown to
be meaningful additional characters in taxonomicalluatens (Irwin and Barneby
1978, 1982; Lersten and Curtis 1993, 1994, 1996; Rudall et al. 1994; Conet@io
2008, 2009; Coutinho et al. 2013). In several families, colleteve Btood out in
taxonomical and phylogenetic interpretations (Lersten 19Admas 1991; Klein et al.
2004; Silva et al. 2012; Dalvi et al. 2013, 2014). Colleters are stascthat are usually
found on the adaxial side of stipules and bracts andtse&rsticky product composed

of mucilaginous substances or a mixture of mucilage and tiest covers and protect
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the shoot apex and floral buds (Foster 1942; Thomas 1991; Paivdachado 2006b;
Barreiro and Machado 2007; Mayer et al. 2011; Sheue et al. 2012).

Instead of the term colleter, other terms have beengbp these structures, such
as “glandular shaggy hair” (Solereder 1908; Metcalfe and Chalk 195@¥sin glands”
(Curtis and Lersten 1980j‘glandular trichomes” (Pascal et al. 2000)‘extrafloral
nectary” (Freitas et al. 2001), andfilamentous structur&s(De-Paula et al. 201]1)
among others (Thomas 1991). Such nomenclatural diversitApramisinterpretations
are primarily based on anatomical or morphological siitidgr with other secretory
structures. The term colleter is more appropriate to tesatructures that secrete
substances responsible for protecting developing leavesl@andrs mainly against
dehydration and pathogens (Thomas 1991; Mayer et al. 2011).

For Leguminosae, few studies have reported the presénodéieters (Paiva and
Machado 2006a; De-Paula and Oliveira 2007, 2012; Paiva 2009; Coutinh@@t 3.
To our knowledge, there are no comparative studies on Yeesdy and taxonomic
importance of colleters for this family. In Chamaecristaleters have been reported in
the cotyledons of three species (De-Paula and Oliveira 2002) and on the leaves of
all of the species of Albs subsect. Baseophyllum (Coutinho et al. 2013). However, the
authors do not provide detailed information on the stratt(morphological and
anatomical) variation and chemical nature of the siecreDue to the importance of
colleters in taxonomy (Lersten 1974; Thomas 1991; Kleal.2004; Silva et al. 2012;
Dalvi et al. 2013, 2014), the following questions were raised: Alleters common
secretory structures for Chamaecrista? Are there struanoaopographical variations
among the species/sections? Could such variations be uselfédaxonomic problems
within this group? Is there variation in the chemical nanfré¢he exudates that are

produced by the colleters? Aiming to answer such questibissstiudy provides the
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structural characterization and the histochemical aisabfshe colleters found on both

vegetative and reproductive meristems of Chamaecrista.

Material and Methods
Plant material

A total of 55 Chamaecrista species (65 taxa) belonging to fitreecsix sections
were studied (appendix). The proportion of the total taxahef five sections of
Chamaecrista studied is indicated in table 1. Samples ashbets (fig. 1ED) and
flower buds (fig. 1C, E) were obtained from herbarium migtexnd field-collected
plants. For most species, at least three specimensusedeas replicates.

Samples from herbarium material were microwaved itilldd water for 7 min
and left to rest overnight. Samples were then treatéd2f6 potassium hydroxide for 1
h at room temperature (Smith and Smith 1942), rinsed \aphwater three times,
dehydrated in an ethanol series (10, 30, 50 and 70%, 10 minaatisfored in 70%
ethanol before being subjected to standard anatomical prose&areples from species
that were collected from the field (appendix) were fixedFAA (formaldehyde, acetic
acid and 50% ethanol; 1:1:18, v/v) for 48 h and stored in 70% dthdonacher
specimens were deposited at the herbarium of the UniversiBedieral de Vicosa
(VIC), and duplicates were sent to the herbarium of The Nevk Botanical Garden
(NY), the United States National HerbariumSmithsonian Institution (US) and the

herbarium of the Universidade de Sao Paulo (SPF).

Slide preparation
Stipules, bracts and bracteoles from the samplesthf terbarium material and

field-collected species that were stored in 70% ethana wleiared with 10% sodium
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hydroxide and 20% hypochlorite solutions, stained with 50% etkdihaéd fuchsin
and mounted in glycerinated gelatin (Johansen 1940)

The samples from both herbarium material and fieliected species that were
stored in 70% ethanol were embedded in methacrylate (Histotesta, Leica
Microsystems Nussloch GmbH, Heidelbekgermany) following the manufacturer’s
recommendation. Cross and longitudinal sections theg ¥ m thick were made in an
automatic rotary microtome (Leica RM2155, Deerfield, IL, USBYr the structural
characterization, the sections were stained withidmle blue at pH 4.40’Brien and
McCully 1981), dried at room temperature and mounted in ré&mnfount, Fisher
Scientific, NJ, USA). Some of the sections were also iskstochemical tests.

Some of the field-collected species were also embeddedtaiogical paraffin.
The material stored in 70% ethanol was dehydrated througti-butanol series and
embedded in histological paraffin (Histosec®, Merck, Germadghansen 1940).
Cross and longitudinal 7-um thick serial sections wertaioéd from blocks using a
rotary microtome (Spencer 820 American Optical Corporatioffa®, NY, USA). The
sections were deparaffinized in xylene and rehydrated througgithamol series. For
structural characterization, the sections were staingéd safranin and astra blue,
dehydrated through an ethanol/xylene series (Gerlach 1969) andted in resin
(Permount®, Fisher Scientific, USA). Some of the seti were also used in
histochemical tests.

The histochemical tests were performed on fixed sample€hamaecrista
brachystachya, C. cytisoides, C. debilis, C. decora, C. desvauxiiatestipula C.
ensiformis var. ensiformis, C. myrophenges and C. vauthiere. THewifug
histochemical tests were carried out on paraffin- andf@thacrylate-embedded

material: for total proteins, xylidine Pounce@ Brien and McCully 1981); for total
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polysaccharides, periodic acid Schiff (PA&)’Brien and McCully 1981); for acid
mucopolysaccharides, Alcian blue (Pearse 1980); and for peaticiédge, ruthenium
red (Johansen 1940). The paraffin-embedded sections of C. d€biliesvauxii var.
latistipula and C. myrophenges were tested for lipid compoundsSwuitlan IV and
Sudan Black B (Pearse 1980)

Paraffin- and/or resin-embedded material from six spegere chosen for the
ontogenetic study of the colleters as follows: Chamatecrisrachystachya, C.
cytisoides, C. debilis, C. decora, C. desvauxii var. latistipula, andy@phenges

Observations and photographs were collected using a light soape (model
AX70TRF, Olympus Optical, Tokyo, Japan) that was equipped withPhdaio system

and digital camera (AxioCam HRcCarl Zeiss- Gottingen, Germany).

Scanning Electron Microscopy (SEM)

Samples from herbarium and field-collected mater@iest in 70% ethanol were
critical point-dried with CQ@ in a Bal-Tec 020 CPD dryer (Bal-Tec, Balzers,
Liechtenstein). The samples were mounted onto stubs addcwith gold using an
FDU 010 sputter coater (Bal-Tec). The examinations and ircagtires were carried
out using a Leo 1430VP SEM (Zeiss, Cambridge, UK) at the €e&etiMicroscopia e

Microanalises at the Universidade Federal de Vicosa.

Results
Ontogeny

There is no participation of any internal meristemtsisues in the origin of the
colleters. Such structures are formed from protodermhbinitéals that could easily be

identified due to their dense cytoplasm and large nuclei (figD2A
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A single protodermal cell initial expands and goes throughessoce anticlinal
divisions (fig. 2E). The cells that originated from suchicinal divisions begin
dividing in different planes (fig. 2AD), giving rise to a stalk and a secretory (fig—2E
F). The protodermal cell divisions are not synchronituddg-formed colleters may be

observed while young ones are still going through cell dus(fig. 2EG).

Structure and Distribution

No vascularization was observed in the colleters ef @namaecrista species
studied (fig. 2F). The fully-formed colleters are composéa stalk and a secretory
head (fig. 2EG). The stalk cells are highly vacuolated with thick outerlsmahile
those forming the head show a densely stained cytoplasmet@gcpores were not
observed, and both light and SEM indicated that cutighture was rare. The secretory
phase begins when the leaves and flowers are still beingeéorWhen secretion ends,
the colleters wither, become dark brown or black and usually alff.

Colleters were always found in patches (figsd)2at the adaxial side of different
plant structures (table 1): at the base of bracts/brastéfigs. 2H, 3BF, 4A, F, H), at
the base and margins of sepals (fig-J2] at the base of petals, on the rachides at the
insertion of the leaflets (fig. 3A) and at the basstgfules (fig. 4BD). They were also
found around extrafloral nectaries (fig.-3B) and at the extension of the rachides (fig.
3C) but not in patches. The number of colleters is notlfiee each species or plant
organ/structure. All of the studied species showed at leastype of colleter, except
for Chamaecrista dentgt&. fagonioidesC. glaziovii and C. semaphora, in which
such structures could not be found.

Six types of colleters may be described: club-shaped @i8s4C-D), racket-

shaped (figs. 3A, 4E), long bottle-shaped (whole lengthettlleter > 500 pum) (fig.
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4H), short bottle-shaped (< 300 um) (figs. 3F-@l; long digitiform (> 500 pm) (fig.
4B) and short digitiform (< 400 um) (figs. 3C, 4A, D).

On petals, only the short digitiform type was found and ocdwat¢he base of at
least one of the petals (table 1). The same typesolidters which occur on the
vegetative and reproductive structures (table 1) could alsasseciated to the
extrafloral nectaries (fig. 3BC). On petals and at the base of the extrafloral nestar
these structures were randomly found, usually less thantéle (1).

The species from sect. Apoucouita showed short digitiform cuno-shaped
types on both vegetative and floral organs (table 1). Apowcastimod out for being the
only section showing colleters on the sepal marginsreuhall
species of that section had the club-shaped type.

Five types of colleters were observed in sect. Absus (thbleMost of the
species of subsect. Absus showed the short bottle-shaped ftyqmdleders on both
vegetative and reproductive organs, except for C. monti€blaetosa and C. specigsa
which showed the long bottle-shaped type. Sticky glandulas,hanother type of
trichomes, were also present in species from subsdisusA(figs. 1BE, 3E, G).
However, all of the species from subsect. Baseophyllum shaweedhort digitiform
and club-shaped type and in addition to these, C. coriaseapedsented the racket-
shaped type. C. debilis, the only species in subsect. Otophyllunaydidpboth club-
shaped and racket-shaped types.

Although the short bottle-shaped was the most common typegatherspecies
from sect. Chamaecrista, the short digitiform and chdpsd types were also observed
(table 1). C. absus var. absus and C. absus var. meonandvalytheo taxa from sect.
Grimaldia, displayed the short bottle-shaped type (table 1pfAlie species from sect.

Xerocalyx showed both long and short digitiform types (tahle 1)
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Histochemistry

Histochemical analyses for the total polysaccharideg. (BA-C), acid
mucopolysaccharides (fig. 5D), pectins/mucilage (fig-B):total proteins (fig. 5&H),
and lipids (fig. 5HJ) generated positive results. Only the head of thetetdleeacted to
the histochemical analyses. The stalk cells did not teearg/ of the analyzed metabolic
groups. The outer of stalk cells were densely stained by Shidak B (fig. 5I),

demonstrating the presence of lipids in the cell wallmasition.

Discussion
Classification, secretion and function of the colleters

The ontogenetic study of the colleters shows that suebtstes derive from the
protodermis only and, therefore, are a kind of secretorjhames (Fahn 1990)
According to the topography, structure (micromorphology amatcamy), early
secretory activity and the compounds that are preseriteirsécreted exudates, these
trichomes correspond to colleters (Foster 1942; Fahn 1990;ahd991).

Although colleters that are found in Chamaecrista dispktpl and a secretory
head, a central axis and a secretory epidermis werebsetved. Such colleters do not
match any of the colleter descriptions of Lersten (1974)lleteérs consisting of
homogenous cells have been reported (Paiva and Machado 200&mul2eand
Oliveira 2007; Silva et al. 2012), but a classification for tige of colleter has yet not
been proposed. We believe that such colleters should teel dedimogenous colleters
based on the homogeneity of the cellular composititve. Fomogenous colleters could
then be divided into different types according to th&roamorphology of such

structures.
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Secretory pores, which release the secretion to tiegi@x were not observed,
and cuticle rupture was rare. Such observations suggest dveimemnt of the outer cell
wall in the secretion process and the releasing of theag&s via micropores or via
cuticle permeability (Ascensao et al. 1999; Klein et al. 2004; Paiva; 200¢er et al.
2011; Silva et al. 2012). The thickness and lipidic compostdfdhe outer walls of the
stalk cells may contribute to the symplastic transpott@fsecretion precursors towards
the secretory head. Such process is common in sectatirymes (Fahn 1979, 1990;
Leitdo et al. 2005).

The histochemical tests revealed that the secreted tesudee composed of a
mixture of hydrophilic (total polysaccharides, acid mucopolysaahds pectins,
mucilages and total proteins) and lipophilic (lipids) compounddysBccharides,
pectins and mucilages may play a role in water retentiontalubeir considerable
ability to absorb water (Christodoulakis et al. 1990; Fatth@utler 1992; Al-Tardeh et
al. 2008). This ability allows these hydrophilic compounds toidabe both the
vegetative and reproductive meristem, thereby protectingetieloping organs against
dehydration (Foster 1942; Fahn 1990; Thomas 1991; Mayer et al. 2@ttind/2012;
Silva et al. 2012; Chin et al. 2013; Mayer et al. 2013). AccgrttinPaiva (2009, 2012)
the hydrophilic material on the leaf surface reduces waiss ko the external
environment, helping to maintain adequate humidity levelsldaf development, as
xylem transport is not yet efficient in developing organsadidition to helping to
lubricate the meristems, derivates of the lipophilic foacalong with proteins present
in the secretion could act as an inhibitor of fungal tpfthogens (Barnes et al. 1997,
Miguel et al. 2006). In coffee flower buds, the secretadiates produced by colleters
act as an adhesive, sealing the bud until flower developisesbmplete. As a

consequence, developing flowers are protected from dehydi@tiayer et al. 2013)
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The closeness of the colleters to the developing kad flower, their early
differentiation, the secretion period and the chemictireaof the exudates indicate a
protective function of such structures in Chamaecrista.

De-Paula and Oliveira (2007) did not observe secretion in tleters of
Chamaecrista desvauxii var. latistipula. In our study, howekiexr,species displayed
secreting colleters. It is possible thBe-Paula and Oliveira (2007) performed the
histochemical tests when the colleters in the embmgre not yet active.

The colleters in Chamaecrista, especially those foundhenstipules and
rachides, usually fall off after completing their activiBaiva (2012) suggests that rapid
senescence may avoid possible problems with the grovgatbbgens.

Of all of the studied species, Chamaecrista den@téagonioidesC. glaziovii
and C. semaphora are the only ones that do not posskessrsollThese species display
high amounts of sticky glandular hairs all over thanplbody. Meira et al. (2014)
reported the presence of oleoresin secretory trichom€s dentata and correlated the
presence of such secretion to protection against abiadid®tic adverse factors. It is
possible that in all of the Chamaecrista species thatotidvave colleters but instead
have only sticky glandular hairs, the oily part of thehome plays a role in lubricating

the young developing structures, similar to colleters.

Taxonomic importance of colleters

In Chamaecrista, colleters have been reported for a ewies (De-Paula and
Oliveira 2007, 2012; Coutinho et al. 2013). However, 51 of the 55 studecles
displayed colleters, demonstrating how common thesetstes are for this genus. As
the colleters on the fully expanded leaves and flowers maag withered or dropped

off, such structures may go unnoticed.
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Colleters of exclusively protodermal origin were observethe five species of
Chamaecrista that were ontogenetically studied and in Hymestm@aocarpa (Paiva
and Machado 2006a). A protodermal origin for colleters seerg @ rare pattern of
development as colleters are commonly formed from Ilpwthodermal and ground
meristem and sometimes even from the procambial ac{iitgmas 1991; Klein et al.
2004; Gonzalez and Tarrag6 2009

In Chamaecrista, six types of homogenous colleters cauttisbinguished. The
anatomical and morphological variations observed inetet have been used as
taxonomic characteristics for several families (Thod®2&1): Apocynaceae (Simdes et
al. 2006), Aquifoliaceae (Gonzalez and Tarragd 2009), Myrta(®bea et al. 2012)
Rubiaceae (Lersten 1974; Klein et al. 2004), Salicaceae (Curtiseasietn 1980) and
Rhizophoraceae (Sheue et al. 2012) but not yet in Leguminosae.

Colleters associated with the extrafloral nectaties,adaxial base of petals and
along the rachis extension varied among the taxa (spaeiesections). However, we
could not demonstrate a useful pattern to delimitate seatiogecies groups.

Although colleters in Chamaecrista are found in groups in begletative and
reproductive organs, the number of colleters is not fixed. the other hand, the
variation in their position is noteworthy. For instansgecies from the sect. Apoucouita
are the only studied species to display colleters on #rgimof the sepals. Conceicéo
et al. (2009) noted that sect. Apoucouita actually forms a morethygroup. The
presence of club-shaped colleters on the margins cddpals of species belonging to
sect. Apoucouita is a synapomorphy for this section.

Section Absus subsect. Baseophyllum stood out for showinghtiré digitiform
and club-shaped types of colleter. The same types letexd were found in the sect.

Apoucouita (Table 1), the sister clade to the remaining sectad Chamaecrista
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(Conceigcao et al., 2009)rhe absence of the short bottle-shaped type of cqlleter
characteristic of the sect. Absus subsect. Absus, inthall species of subsect.
Baseophyllum supports the elevation of subsect. Baseophyllarseagion distinct from
sect. Absus, as shown by molecular and anatomical sty@msceicdo et al. 2009,
Coutinho et al. 2013).

Chamaecrista debilis is the only species in the #&sus subsect. Otophyllum
This species displayed both the club-shaped and rab&ped types of colleters. The
racket-shaped type appeared only in C. debilis and C. coriaceactstdasseophyllum),
bringing C. debilis close to the species of subsect. Baseophllaeninclusion of C.
debilis in future molecular studies is necessary to cortfiispossible affinity.

Most of the species of sect. Absus subsect. Absus hachohe ®ttle-shaped
type of colleter on both vegetative and reproductive orgéhe only two taxa that
belong to sect. Grimaldia, C. absus var. absus and C. absusie@randra, also
display the same type of colleter (short bottle-shap€d¢ similarity in the type of
colleters of these species reinforces the affinityvben these two groups, supporting
the recent molecular data which included sect. Grimaldia ectd Absus subsect. Absus
in a single clade (Table 1). Therefore, sect. Grimaldialghue treated as a synonym of
sect. Absus subsect. Absus in a future taxonomic revisi@mamaecrista.

The most common type of colleter in sect. Chamaecwsis the short bottle-
shaped. However, other types of colleters (club-shapedshod digitiform) also
appeared. Section Chamaecrista is paraphyletic (Conceigfid2609) (Table 1) and i
is possible that the diversity of colleters in thisteec reflects such paraphyletism.
Chamaecrista calycioides of sect. Caliciopsis is well supported nwitlgct.
Chamaecrista while the position of C. supplex is poorly supportefdrtunately, our

study did not include either of these species. Additionatamical studies including
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these two species are necessary to evaluate the impmrbdrcolleters in providing
better resolution to phylogenetic analyses. Future anesbrand phylogenic studies
need to include broader taxon sampling of sect. Chamgsedregore any taxonomical
considerations are taken into account.

Section Xerocalyx is a monophyletic group with poorly supportaddires that
is placed in the clade formed by three secti@rable 1) Caliciopsis Chamaecrista and
Xerocalyx (Conceigéo et al. 2009; Torres et al. 2011). Istiegdy, species from sect.
Xerocalyx shows only the digitiform type of colleter ¢gghand long) with the long
digitiform unique for C. desvauxii var. desvauxii and C. desvavar. latistipula. The
uniformity in the type of colleter for sect. Xerocalyxadditional evidence supporting
the monophyly of this section. The variation from longstwrt digitiform may be
related to the size of stipules/bracts. Species witletastipules/bractsQ. desvaunxii
var. desvauxii an€. desvauxii var. latistipula) displayed both long and shortiftigm
types while species with smaller stipules/bracts (C. degsvearx gramineaC. ramosa

and C. ramosa var. parvifoliola) displayed the short digitiforty.

Conclusion

Based on the topography, structural characters, ontogenyoamgbnents that
were identified in the secretion, the secretory strestdound in young leaves and
flowers of Chamaecrista species are colleters. Such gsiaateay be involved in the
protection of developing leaves and flowers. The presenamligters on leaves and
flowers is a new report for Chamaecrista. Five of the girdyof colleters described in
our study are novelties in the genus.

The structural diversity of colleters in Chamaecrista pravidearacters that

have proved useful to taxonomy as they support many oflfites recognized in a
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recent phylogenetic study (Conceicéo et al., 2009). Howéaeon sampling for both
phylogeny and anatomical studies is inadequate to justify a dessssification. Future
research will focus on broadening the taxon sampling. Intiadd future taxon

sampling should give high priority to sampling the same spagithe phylogenetic and

anatomical analyses.

Acknowledgments
The authors thank CNPg, CAPES, FAPEMIG and Floresta-Escola

(SECTES/UNESCO/HidroEX/FAPEMIG) for financial support; CAPES &NPq for
granting a scholarship to IAC Coutinho and RMSA Meira; $imithsonian Institution

for granting the first author with the Cuatrecassas Awtre;herbaria HUEFS, NY,
RB, SPF and US for allowing sampling of voucher specimens;altédralong with A
Nogueira for presenting us with four fixed samples of Chamaacsect. Apoucouita

AS Conceicao for determining the species of a few dadles; Instituto Chico Mendes

for permission to collect specimens; and the anonymougwevs along with PS

Herendeen for helpful and critical comments that impddve manuscript.

Literature Cited

Al-Tardeh S, Sawidis T, Diannelidis B-E, Delivopoulos S 2008 Wetatent and
reserve allocation patterns within the bulb of the perergealphyte red squill
(Liliaceae) in relation to the Mediterranean clim&etany 86:291299.

Ascensao L, Mota L, Castro MM 1999 Glandular trichomesh® leaves and flowers
of Plectranthus ornatus: morphology, distribution and histoctemisnn Bot
84:437-447.

Barnes BJ, Nornan HA, Brooker NL 1997 Inhibition of three saybfungal plant
pathogens by lipid derivates and natural compounds. Page2386n JP
Williams, MU Khan, NW Lem, eds. Physiol. Biochem. Mol. Bi®lant Lipids.
Springer Netherlands.

29



Barreiro DP, Machado SR 2007 Coléteres dendroides em Alibedsdis€Vell.) K.
Schum., uma espécie ndo-nodulada de Rubiaceae. RevdéascB 30:387399.

Chin S, Lutz S, Wen J, Potter D 2013 The bitter and the swdetence of homology
and evolution of leaf glands in Prunus (Rosaceae) througatomy,
micromorphology, and ancestraharacter state reconstruction. Int J Plant Sci
174:2746.

Christodoulakis NS, Tsimbani H, Fasseas C 1990 Leaf strucpe@iliarities in
Sarcopoterium spinosum, a seasonally dimorphic subshrub. Ann Bot 63901

Conceigéo AS, Queiroz LP, Lambert SM, Pereira CS, 8&ib2008 Biosystematics of
Chamaecrista sect. Absus subsect. Baseophyllum (Leguminossa&fi@eideae)
based on allozyme and morphometric analyses. PlanESgs270:183-207.

Conceicdo AS, Queiroz LP, Lewis GP, MJG Andrade, PRM Almeids,
Schnadelbach, C Van den Berg 2009 Phylogeny of Chamaecrista Moench
(Leguminosae-Caesalpinioideae) based on nuclear and dakir@iNA regions.
Taxon 58:11681180.

Coutinho IAC, Francino DMT, Meira RMSA 2013 Leaf anatamhicstudies of
Chamaecrista subsect. Baseophyllum (Leguminosae, Caesdlpa@y new
evidence for the up-ranking of the varieties to the spdeieel. Plant Syst Evol
299:1709-1720.

Curtis JD, Lersten RN 1980 Morphology and anatomy of resindglam Salix lucida
(Salicaceae). Am J Bot 67:128296.

Dalvi VC, Cardinelli LS, Meira RMSA, Azevedo AA 2014 Foliaolieters in
Macrocarpaea obtusifolia (Gentianaceae): anatomy, ontogeny, aneticsec
Botany 92:5967.

Dalvi VC, Meira RMSA, Francino DMT, Silva LC, Azevedo AA 20¥hatomical
characteristics as taxonomic tools for the speciésCartia and Hockinia
(Saccifolieae- Gentianaceae Juss.). Plant Syst Evol 30¢:92.

De-Paula O, Oliveira D 2007 Ocorréncia de coléteres em emhit@é®s espécies de
Chamaecrista Moench (Fabaceae: Caesalpinioideae). las\Bi®ciéncias 5:348
350.

De-Paula OC, Oliveira DMT 2012 Seed ontogeny of Chamaecrista susgstematic
implications in Cassiinae (Leguminosae, CaesalpinioideBé&gnt Syst Evol
298:1659-1669.

De-Paula OC, Sajo MG, Prenner G, Cordeiro |, Rudall PJ 2011phd&twgy,
development and homologies of the perianth and florelanes in Croton and
Astraea (Euphorbiaceae-Malpighiales). Plant Syst Evol 292:1

Fahn A 1979 Secretory Tissues in Plants. Academic Presdphon

30



Fahn A 1990 Plant Anatomy, Fourth. Pergamon Press, Oxford.
Fahn A, Cutler DF 1992 Xerophytes. Gebruder Bomtraeger, Berlin.
Foster AS 1942 Practical plant anatomy. D. van Nostrando@oyn Inc., New York.

Freitas L, Bernardello G, Galetto L, Paoli AAS 2001 Nectades reproductive
biology of Croton sarcopelatus (Euphorbiaceae). Bot J Linn Soc 13@28.7

Gerlarch D 1969 Botanische Mikrotechnik: Eine Einfiihrung. Georg Ti&tuttgart.

Gonzalez AM, Tarragd JR 2009 Anatomical structure and sserebmpounds of
colleters in nine llex species (Aquifoliaceae) from soutt®onth America. Bot J
Linn Soc 160:197210.

Irwin HS, Barneby RC 1978 Monographic studies in Cassia (Legua®nos
Caesalpinioideae) lll. Sections Absus and Grimaldia. Mem RoY Gard 30:%
300.

Irwin HS, Barneby RC 1982 The American Cassiinae, a synopt@asion of
Leguminosae tribe Cassieae subtribe Cassiinae in theViawd. Mem N Y Bot
Gard 35:1918.

Johansen DA 1940 Plant microtechnique. McGraw-Hill Book, NenkY

Klein DS, Gomes VM, Silva-Neto SJ, Cunha M 2004 The structureolidters in
several species of Simira (Rubiaceae). Ann Bot 94:743.

Leitdo CAE, Meira RMSA, Azevedo AA, Aradjo MC, SilvaLR, Collevatti RG 2005
Anatomy of the floral, bract, and foliar nectaries ®fiumfetta semitriloba
(Tiliaceae). Can J Bot 286:27236.

Lersten NR 1974 Morphology and distribution of colletend crystals in relation to the
taxonomy and bacterial leaf nodule symbiosis of Psy@hdRRubiaceae). Am J
Bot 61:973-981.

Lersten NR, Curtis JD 1993 Subepidermal idioblasts in leaftdt Caesalpinia
pulcherrima and Parkinsonia aculeata (Leguminosae: Caesalpinioidiak).
Torrey Bot Club 120:312826.

Lersten NR, Curtis JD 1994 Leaf anatomy in Caesalpinia and Eboffseggia
(Leguminosae, Caesalpinioideae) with emphasis ontsegraructures. Plant Syst
Evol 192:231.255.

Lersten NR, Curtis JD 1996 Survey of leaf anatomy, especidhetory structures, of
tribe Caesalpinieae (Leguminosae, Caesalpinioideéa)t Byst Evol 200:2139.

Lewis G 2005 Tribe Cassieae. Pages-186l in G Lewis, B Schrire, B Mackinder, M
Lock, eds. Legumes of the World. Royal Botanic Gardens, Kew.

31



Martins FM 2012 Leaf and calycine colleters in Odontadenia luteac{/Naceae-
Apocynoideae- Odontadenieae): their structure and histochemistry. Bxazii
Bot 35:59-69.

Mayer JLS, Cardoso-Gustavson P, Appezzato-da-Gloria B 20ldtéls in monocots:
new record for Orchidaceae. Flora 206:2B%0.

Mayer JLS, Carmello-Guerreiro SM, Mazzafera P 2013 A tfanal role for the
colleters of coffee flowers. AoB Plants 5118.

Meira RMSA, Francino DMT, Ascensédo L 2014 Oleoresin tricesmmf Chamaecrista
dentata (Leguminosae): structure, function, and secretodupi® Int J Plant Sci
175:336-345.

Metcalfe CR, Chalk L 1950 Anatomy of the Dicotyledons: lsawstem and wood in
relation to taxonomy with notes on economic uses. NoDxford Claredon,
Oxford.

Miguel EC, Gomes VM, Oliveira MA, Cunha M 2006 Colleters in Ba#picholsonii
K. Schum. (Rubiaceae): ultrastructure, secretion protmposition, and
antifungal activity. Plant Biol 8:71522.

O’Brien TP, McCully ME 1981 The study of plant structure principles and selected
methods. Termarcarphi Ptey. Ltd., Melbourne.

Paiva EAS 2012 Colleters in Cariniana estrellensis (Lecytb@gc structure,
secretion and evidences for young leaf protection. yddot Soc 139:18.

Paiva EAS 2009 Occurrence, structure and functional aspéctBeocolleters of
Copaifera langsdorffii Desf. (Fabaceae, Caesalpinioideae). GoR382:1078
1084.

Paiva EAS, Machado SR 2006a Ontogenesis, structure andrutttase of Hymenaea
stigonocarpa (Fabaceae: Caesalpinioideae) colleters. ReUrBp54:943-950.

Paiva EAS, Machado SR 2006b Colleters in Caryocar brasili@@ae/ocaraceae).
Ontogenesis, ultrastructure and secretion. BraziliaiolJeB:301-308.

Pascal LM, Motte-Florac EF, McKey DB 2000 Secretory stmeston the leaf rachis of
Caesalpinieae and Mimosoideae (Leguminosae): Implicatnhe evolution of
nectary glands. Am J Bot 87:32338.

Pearse AGE 1980 Histochemistry theoretical and applieceditChurchill Livingston,
Edinburgh

Rando JG, Loeuille B, Pirani JR 2013 Taxonomic novelties in n@earista
(Leguminosae: Caesalpinioideae) from Brazil. Phytotaxa 923.7

32



Rudall PJ, Myers G, Lewis GP 1994 Floral secretory struciar€aesalpinia sensu
lato and related genera. Pages3Plin IK Ferguson, S Tucker, eds. Adv. Legum.
Syst. 6. Royal Botanic Gardens, Kew.

Sheue C-R, Chen Y-J, Yang Y-P 2012 Stipules and colleterthe@fmangrove
Rhizophoraceae: morphology , structure and comparative s@mik. Bot Stud
53:243-254.

Silva CJ, Barbosa LCA, Marques AE, Baracat-Pereira Mi6heiro AL, Meira RMSA
2012 Anatomical characterisation of the foliar colletarslyrtoideae (Myrtaceae).
Aust J Bot 60:704717.

Simdes AO, Castro MM, Kinoshita LS 2006 Calycine collet#rseven species of
Apocynaceae (Apocynoideae) from Brazil. Bot J Linn Soc 152:383.

Smith FH, Smith EC 1942 Anatomy of the inferior ovary of Dy@. Am J Bot 29:464
471.

Solereder H 1908 Systematic anatomy of the dicotyledonsnébloak for laboratories
of pure and applied Botany. Clarendon Press, Oxford.

Thomas V 1991 Structural, funcional and phylogenetic aspétte colleter. Ann Bot
68:287-305.

Torres DC, Lima JPMS, Fernandes AG, Nunes ED, Grangeir@0IB Phylogenetic
relationships  within ~ Chamaecrista  sect.  Xerocalyx  (Legum&osa
Caesalpinioideae) inferred from the cpDNA trnE-trnT rigenic spacer and
NrDNA ITS sequences. Genet Mol Biol 34:2251.

33



Appendix. List of Chamaecrista species used in the structural asalsuchers are
housed in the herbaria of the Universidade Estadual de Lon@fld&L), Universidade
Estadual de Feira de Santana (HUEFS), The New York Botgaaraen (NY), Jardim
Botanico do Rio de Janeiro (RB), Universidade de S&o Pal&)(SSmithsonian
Institution (US) and Universidade Federal de Vigosa (VIC).

C. absusvar.meonandra(H.S.Irwin & Barneby) H.S.Irwin - Irwin 1273, 23.VII1.1957 (NY); M@ugh
et al. 19361, 22.1X.1960 (NY); McVaugh et al. 21374, 23.X1.1960-25.X1.1960 (S8hubert & Mario
Sousa 1952, 22.1X.1963 (NY); Gentry 6536, 10.1X.1941-14.1X.1941 (NY)mbsusvar. absus(L.)
H.S.Irwin & Barneby - Asplund 15884, 24.111.1955 (NY); Cerrate 5209, 01972 (NY). C.
adiantifolia var. adiantifolia (Spruce ex Benth.) H. S. Irwin & Barneby - Davidse 27665, 26.\8419
(NY); Wurdack & Adderley 43236, 29.VI1.1959 (NYE. adiantifolia var. pteridophylla (Sandwith) H.S.
Irwin & Barneby - Maguire et al. 45930, 24.VIII.1961 (NY, US); Magu& Fanshawe 32636,
17.X1.1051 (NY, US); Silva 92, 22.1X.1942 (NY, US); Boz 548, V.1926 (N'B){Prance et al. 22690,
XVIILIX.1974 (NY). C. amabilis H. S. Irwin & Barneby - Jardim & Flavia 594, 11.X1.1994 (NY);
Thomas et al. 8964, 30.1.1992 (NY(. amorimii Barneby - Amorim et al. 3231, 06.1.2000 (NY);
Amorim et al. 4311, 23.X.2004 (RB); Amorim et al. 923, 14.XI1.199%;(RB). C. apoucouita (Aubl.)
H. S. Irwin & Barneby - Forest Department of British Guaid=994, 09.1.1943 (NYXC. aristata (Benth.)
H.S.Irwin & Barneby - Coutinho et al. 096, 14.VIII.20QAC). C. aspleniifolia (H.S. Irwin & Barneby)
H.S. Irwin & Barneby - Cardoso et al. 2407, 04.11.2009 (HUEFS)ar® 8753, 18.1.1965 (NY, US);
Pinheiro 1768, 24.1.1972 (NY); Hatschbach 47341, 18.1.1984 (NY, US)it B804 & Pereira 9410,
15.1.1965 (NY).C. bahiae(H.S. Irwin) H.S. Irwin & Barneby - Harley et al. 17398, [B51974 (NY);
Harley et al. 18071, 18.1.1977 (NY); Rando 1214, 01.111.2012 (SPF, HUEF®arbata (Nees & Matrt.)
H.S. Irwin & Barneby - Souza et al. 45, 13.1V.2006 (HUERS)blanchetii (Benth.) Conc., L.P.Queiroz
& G.P.Lewis - Conceicdo & Leite 687, 18.VIII.2003 (HUEFS); Coutirgt al. 495, VI1.2011 (VIC);
Junqueira et al. 130, 1X.X.2002 (HUEFS); Coutinho et al. s.n., 09.12.201C); Coutinho et al. s.n.
03.VI1.2011 (VIC). C. botryoides Conc., L.P. Queiroz & G.P. Lewis - Conceicéo et al. 3201Y.2003
(HUEFS); Conceicao et al. 612, 01.VI1.2003 (HUERS)brachystachya(Benth.) Conc., L.P.Queiroz &
G.P.Lewis - Coutinho et al. s.n., 1V.2011 Coutinho et al. 831VI11.2011 (VIC); Conceicéo et al. 728,
10.1X.2003 (HUEFS)C. caribaeavar. caribaea (Northr.) Britton - Britton 3448, 28.1.1905 (NY); Britton
& Millspaugh 5895, 16.111.1907 (NY); Small & Carter 8853, 01.111.1910 (NY).
C. caribaeavar.inaguensis(Britton) H.S.Irwin & Barneby - Correll 43167, 26.VII.1976 (NY);
Millspaugh &.Millspaugh 9303, 12.111.1911 (NY); Proctor & Gillis 3® 11.V1.1974 (NY).
C. caribaeavar. lucayana(Britton) H.S.Irwin & Barneby - Britton & Millspaugh 2841, 201905 (NY);
Wilson 7895, 28.XI11.1907 (NY); Rando 963, 22.X.2010 (NY). cinerascens(Vogel) H.S. Irwin &
Barneby - Coutinho & Pereira 187, 25.IV.2008/C); Coutinho & Pereira 188, 25.IV.201/IC);
Coutinho & Pereira 189, 25.1V.201¥IC); Coutinho et al. 420, 24.111.201%/1C); Coutinho et al. 421,
24.111.2014(VIC); Coutinho et al. 422, 24.111.201%/1C). C. cipoana(H.S. Irwin & Barneby) H.S. Irwin
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& Barneby - Coutinho et al. 043, 01.VII.2012 (VIC), Francinoletsan., 11.VI11.2009 (VIC); Francino
& Casagrande 22, 22.V1.2009 (VIC); Francino et al. 15, 14.V.2009 (VE&)claussenii(Benth.)
H.S.Irwin & Barneby - Coutinho & Lorencini 068, 08.VII1.2012 (VICLoutinho & Lorencini 069
08.VIII.2012 (VIC), Coutinho & Pereira 169 24.1V.2013 (VIC); Coutinho & Pereira 2Z0lV.2013
(VIC). C. compitalis (H. S. Irwin & Barneby) H. S. Irwin & Barneby - Belém 3637,\24968 (NY);
Belém 3643, 24.V.1968 (NY, USK. conferta (Benth.) H.S.Irwin & Barneby - Coutinho et al. 047,
02.VII1.2012 (VIC); Coutinho et al. 048, 02.VI111.2012 (VIC); Coutinho & Loremd75, 11.VII1.2012
(VIC); Coutinho & Lorencini 076, 11.VII.2012 (VIC); Coutinho & Moura 136, 20.L30(VIC);
Coutinho & Pereira 207, 27.1V.2013 (VIC); Coutinho & Pereira 208, 22a¥3 (VIC). C. coriacea
(Benth.) H.S.Irwin & Barneby - Conceicdo et al. 869, 18.1.208BEFS, RB ); Coutinho et al. 016,
27.V1.2012 (VIC).C. cytisoides (Collad.) H.S.Irwin & Barneby - Melo-Silva et al. 1640, 125999
(HUEFS); Coutinho et al. s.n., 11.X.2010 (VIC); Coutinho & Terra 184Y11.2012. (VIC); Coutinho &
Terra 323, 24.1.2014. (VIC); Coutinho & Terra 326, 24.1.2014. (VIC)debilis (Vogel) H.S.Irwin &
Barneby - Coutinho & Lorencini 077, 11.VIIl.2012 (VIC); Coutinho & Mot34, 20.1.2013 (VIC);
Coutinho et al. s.n., 05.VI.2011 (VIC); Coutinho et al. s.n., 05.X.2011 (MC¥lecora (H.S.Irwin &
Barneby) Conc., L.P.Queiroz & G.P.Lewis - Conceicdal €716, IX.IX.2003 (HUEFS); Coutinho et al.
022, 27.V1.2012 (VIC); Coutinho et al. 093, 14.VIIl.2012. (VIC); Coutinhaalet108, 14.VIII.2012
(VIC); Coutinho & Pereira 214, 27.1V.2013 (VIC); Irwin et al. 23493, 16.97Q (NY); Coutinho et al.
s.n., 09.X.2010 (VIC)C. dentata(Vogel) H.S.Irwin & Barneby - Coutinho & Moura 126, 18.1.2013
(VIC); Francino s.n., 23.111.2004 (VIC); Valente et al. 2522, 04.1V.2009 (VIC)depauperataConc.,
L.P.Queiroz & G.P.Lewis - Cardoso & Conceicdo 433, 16.IV.2005K®&); Conceicdo et al. 863,
[1.11.2005 (HUEFS, SPF); Conceicdo 786, XI.1.2004 (HUEFS, SPF); Stannadd 1451142, 111.11.1992
(HUEFS, US).C. desvauxii var. desvauxii (Collad.) Killip - Coutinho et al. s.n., 03.VI1.2011 (VIC{.
desvauxiivar. gramineaH.S. Irwin & Barneby - Coutinho et al. s.n., 03.VII.2011 (VIC); Galo et al.
s.n., 03.VI.2011 (VIC).C. desvauxiivar.latistipula (Benth.) G.P.Lewis - Coutinho & Coutinho 117,
16.1.2013 (VIC); Coutinho & Coutinho 118, 16.1.2013 (VIC); Coutinho et al. 294,203.4 (VIC);
Coutinho et al. 295, 13.1.2014 (VICYK. duartei (H.S.Irwin) H.S.Irwin & Barneby - Coutinho &
Fernandes 303, 15.1.2014 (VIC); Duarte 8014, 19.X1.1963 (NY, US); Amoriimofenzi 2102,
07.X1.1997 (NY, US); Almeida & Santos 195, 31.X.1968 (NY, US); BelérRigheiro 3054, 12.11967
(NY); Mori et al. 11036, 04.X1.1978 (NY)C. eitenorum var. eitenorum (H.S. Irwin) H.S. Irwin &
Barneby - Drouet 2541, 01.X.1935 (US); Eiten & Eiten 10660, 18.11.1970 (US); \etzelburg 446,
1970 (US).C. eitenorum var. regana (H.S. Irwin & Barneby) H.S. Irwin & Barneby - Hatschbach &
Hatschbach 56931, 09.IV.1992 (US); Noblick 3034, 07.11.1984 (US); Quetrat €131, 18.11.2000
(HUEFS).C. ensiformisvar. ensiformis (Vell.) H.S. Irwin & Barneby - Coutinho et al. 033, 01.VI11.2012
(VIC); Coutinho et al. 034, 01.VIII.2012 (VIC); Coutinho et al. 035, 01.Z0L2 (VIC); Coutinho &
Lorencini 070, 08.VIII.2012 (VIC); Coutinho & Moura 121, 17.1.2013 (VIC); Coutigh®ereira 190,
25.1V.2013 (VIC); Irwin 2330, 29.XI11.1958 (NY)C. ensiformisvar. maranonica (H.S. Irwin) H.S. Irwin

& Barneby - Daly et al. D375, 29.1X.1980 (NY, US); Hatschb&diummorw 38396, 26.111.1976 (NY);
Prance & Silva 58692, 13.VIII.1964 (NY, US); Rosa et al. 2580, 11.VII.1979.(8. ensiformisvar.
plurifoliolata (Hoehne) H.S. Irwin & Barneby - Belém & Magalhdes 955, 259651 (NY, US);
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Santos 2952, 16.1V.1975 (NY); Kallunki et al. 523, 11.11.1994 (NX)ericifolia (Benth.) H.S. Irwin &
Barneby - Coutinho & Pereira 204, 27.1V.2008IC); Coutinho & Pereira 205, 27.1V.2013/IC);
Coutinho & Pereira 206, 27.IV.2013VIC); Coutinho et al. 481, 27.111.2014(VIC). C.
fagonioides(Vogel) H.S.Irwin & Barneby - Giulietti & Harley 1622, 20.01.2000UEFS); Harley &
Giulietti 54031 23.V1.2000 (HUEFS), Kersten & Borgo 574, 30.V1.2002 (FUEL glaucofilix (H.S.
Irwin & Barneby) H.S. Irwin & Barneby - Conceigéo et al 829,12.2004 (HUEFS); Coutinho et al.
s.n.,03.VII.2011 (VIC).C. glaziovii (Harms) H.S.Irwin & Barneby - Coutinho & Moura 138, 20.1.2013
(VIC); Coutinho & Moura 139, 20.1.2013 (VIC); Coutinho & Moura 140, 20.1.2013 (VIC).
hymenaeifolia (Benth.) H. S. Irwin & Barneby - Maguire et al. 36631, 27.853 (NY, US); Maguire et
al. 36473, 27.X1.1953 (NY); Stevenson & Ramos 1064, 27.X1.1987 (NY, OSjacobinea(Benth.)
H.S.Irwin & Barneby - Aradjo 6, 17.1.2008 (HUEFS); Santos let489, 12.111.2006 (HUEFS)C.
monticola (Benth.) H.S.Irwin & Barneby - Coutinho et al. 049, 20.VI11.2012 (VICyutinho et al. 052,
20.VIII.2012 (VIC); Coutinho et al. s.n., 09.X.2010 (VI©. negrensisvar. negrensis(H.S. Irwin) H.S.
Irwin & Barneby - Martins et al. 83, 04.11.1998 (NY); Nascimeatal. 1, 02.1V.1975 (NY); Prance et al.
24339, 27.X1.1976 (VIC); Pires & Silva 11304, 19.X.1967 (NY); Silva & Boa&@789, 08.1.1966 (NY).
C. myrophenges(H.S.Irwin & Barneby) H.S.Irwin & Barneby - Coutinho et al0092.VI11.2012(VIC);
Coutinho et al. 051, 02.VIII.201¥IC). C. ochnaceavar. purpurascens(Benth.) H.S.Irwin & Barneby -
Coutinho & Lorencini 072, 09.VI11.2012 (VIC); Coutinho & Pereira 157, 22D43 (VIC); Coutinho et
al. 399, 23.111.2014 (VIC)C. philippi (H.S. Irwin & Barneby) H.S. Irwin & Barneby - Conceicédo 311,
05.V.1999 (HUEFS); Conceicdo & Campos 357, 13.VII.1999 (HUEFS); Quedimlz .07, 15.VI1.2002
(HUEFS). C. polystachya(Benth.) H. S. Irwin & Barneby - Steward et al. 156, 1.X11.197% (NUS);
Rando 1150, 07.11.2012 (HUEFS, SPE).potentilla (Mart. ex Benth.) Irwin & Barneby - Coutinho et al.
001, 26.VI.2012 (VIC); Coutinho et al. 004, 26.VI.2012 (VIC); Coutinho et al. 65/1.2012 (VIC);
Coutinho et al. 020, 27.V1.2012 (VIC); Coutinho & Lorencini 078, 11.2002 (VIC). C. ramosa
(Vogel) H.S. Irwin & Barneby - Coutinho et al. 423, 24.111.2014 (VICyutinho et al. 449, 25.111.2014
(VIC); Coutinho et al. 450, 25.111.2014 (VICX. ramosavar. panifoliola (H.S. Irwin) H.S. Irwin &
Barneby - Coutinho et al. 35.639, 03.VII.2011 (VIC); Coutinho et al. 489YI1.2011 (VIC). C.
rupestrium H.S.Irwin & Barneby - Conceicdo et al. 588, 30.V.2003 (HUEFS);c€igdo et al. 677
23.VII.2003 (HUEFS).C. scleroxylon(Ducke) H.S.Irwin & Barneby - G. A. Black F19A 47-1133,
31.VII. 1947 (NY, US); Rando 1212, 24.02.2012 (HUEFS, SEFsemaphora(H.S. Irwin & Barneby)
H.S. Irwin & Barneby - Coutinho et al. 003, 26.V1.2012 (VIC); Coutimta@l. 019, 27.VI.2012 (VIC);
Coutinho et al. 044, 01.VII.2012 (VICE. setosa(Vogel) H.S.Irwin & Barneby - Coutinho et al. 028,
01/VIII/2012 (VIC); Francino & Dalvi 21, 22.V1.2009 (VIC)C. simplifacta H.S.Irwin & Barneby -
Coutinho & Moura 132, 19.1.201¥1C); Coutinho & Moura 133 19.1.201/IC). C. sincorana(Harms)
H.S.Irwin & Barneby - Costa et al. 61, 13.X.2005 (HEUFS); Cestal. 129, 20.1.2006 (HUEFSLE.
speciosaConc., L.P. Queiroz & G.P. Lewis - Coutinho et al. s.63.VI.2011 (VIC). C.
subpeltata (Rizzini) H.S. Irwin & Barneby - Lima 13469, 21.V.1976 (RB); Taylet al. E1319,
23.1V.1983 (NY, US); Vilhena et al. 976, 10.111.1983 (NY, U8). tephrosiifolia (Benth.) H.S.Irwin &
Barneby - Filho 9719, 14.X11.1978 (HUEFSJ. unijuga (Benth.) Conc., L.P.Queiroz & G.P.Lewis -
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Conceicéo et al. 417, 17.X1.2005 (HUEFS); Conceicdo & Leite 69412003 (HUEFS); Coutinho &
Terra 109, 27.VIIL.2012 (VIC); Coutinho & Terra 110, 27.VII1.2012 (VIC); CoutinhoTé&ra 111,
27.VI11.2012 (VIC); Ribeiro & Moraes 01, 05.1V.2004 (HUEFSE. urophyllidia (H.S. Irwin &
Barneby) H.S. Irwin & Barneby - Harley & Giulietti 54656, 06.IX030(HUEFS); Coutinho et al. s,n.
03.VI1.2011 (VIC); Coutinho et al. s.n., 03.VI1.2001 (VI@. vauthieri (Benth.) H.S.Irwin & Barneby -
Coutinho & Lorencini 062, 07.VI111.2012 (VIC); Coutinho & Pereira 162, 2£2DA3 (VIC); Coutinho &
Pereira 163, 24.1V.2013 (VICE. xinguensis(Ducke) H.S.Irwin & Barneby - Duarte 7213, 07.X.1962
(NY); Rando 1208, 23.1.2012 (HUEFS,SPF); Silva & Souza 2409, 27.VIII.(989.
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List of Chamaecrista species studied and position of the colleters

Table 1

Colleter Position

Base of Rachis between Base of bracts Base of Margin of Base of Around Rachis
stipules the leaflets and bracteoles sepals sepals petals extrafloral extension

Taxon nectaries

Clade sect. Apoucouita:

Apo:
C. adiantifolia var. adiantifolia 1,1 1,1 1,1 1,1 1 | NO NO
C. adiantifolia var. pteridophylla L, L I, 1L, I} | NO NO
C. amabilis 1,1 1,1 1,1 1,1 1 | NO NO
C. amorimif NO NO 1,1 1,1 1 | NO NO
C. apoucouita 1,1 1,1 1,1 1,1 1 | NO NO
C. aspleniifolia 1L 1,1 1,11 1,11 [} | NO NO
C. bahiae 1L 1,1 1,11 1,11 [} | 1L NO
C. compitalis 1L 1,1 1,11 1,11 [} | NO NO
C. duartei 1L 1,11 1,11 1,11 [} | NO NO
C. eitenorum var. eitenorum 1L 1,1 1,11 1,11 [} | NO NO
C. eitenorum var. regana 1Ll 1,11 1,11 1,11 I} | NO NO
C. ensiformis var. ensiformis 1,1 1,1 1,11 1,1 ] | 1,1 NO
C. ensiformis var. maranonica 1,1 1,1 1,11 1,1 ] | NO NO
C. ensiformis var. plurifoliolata 1,1 1,1 1,11 1,1 ] | NO NO
C. hymenaeifolia 11 1,11 1,11 1, [} | NO NO
C. negrensis var. negrensis 1,1 1,1 1,11 1,1 ] | NO NO
C. polystachya 1L 1,11 1,11 1, [} | 1, NO
C. scleroxylon 1,1 1,11 1,11 1,11 1 | 1,11 NO
C. subpeltata 1,1 1,11 1,11 1,11 1 | NO NO
C. xinguensis 1,1 1,11 1,11 1,11 1 | 1,11 NO

Clade sect. Absus subsect. Absus + sect. Grimaldia:

Abs:
C. barbata \% \% \% A A | ENA NO
C. botryoide8 \Y \Y \Y A A I ENA NO
C. cipoana \Y, \Y, \Y, \Y, A | ENA NO
C. claussenii \% \% \% \% A | ENA NO
C. conferta \% \% \% \% A | ENA NO
C. dentata A A A A A A ENA NO
C. ericifolia \% \% \% \Y A | ENA NO
C. fagonioides NO NO A A A A ENA NO
C. glaucofili¥ \Y \Y \Y \Y A I ENA NO

38


http://sweetgum.nybg.org/vh/specimen.php?irn=1786695
http://sweetgum.nybg.org/vh/specimen.php?irn=728593
http://sweetgum.nybg.org/vh/specimen.php?irn=1788169
http://sweetgum.nybg.org/vh/specimen.php?irn=145675
http://www.theplantlist.org/tpl1.1/record/ild-24428
http://sweetgum.nybg.org/vh/specimen.php?irn=1814910
http://sweetgum.nybg.org/vh/specimen.php?irn=1374664
http://www.theplantlist.org/tpl1.1/record/ild-24491
http://www.theplantlist.org/tpl1.1/record/ild-24512
http://www.theplantlist.org/tpl1.1/record/tro-13048832
http://www.theplantlist.org/tpl1.1/record/tro-100309828
http://www.theplantlist.org/tpl1.1/record/tro-13048745
http://www.theplantlist.org/tpl1.1/record/ild-30901
http://www.theplantlist.org/tpl1.1/record/ild-24750
http://www.theplantlist.org/tpl1.1/record/ild-24756
http://www.theplantlist.org/tpl1.1/record/ild-24807
http://www.theplantlist.org/tpl1.1/record/tro-13048759

. glaziovii

. jacobined

. monticola

. myrophenges
ochnacea var. purpurascens
philippf
rupestrium
semaphora
setosd

. sincorana

. speciosa

. tephrosiifolia
. urophyllidia®
C. vauthieri

0000000000000

Gri:
C. absus var. abstis
C. absus var. meonandra
Clade sect. Absus subsect. Baseophyllum:
Bas:
. blanchetfi
. brachystachya
. coriacea
. Cytisoided
. decor@
. depauperafa
. unijugd
Taxon not sampled by Conceicéo et al. (2009):
Oto:

O000000

C. debilis
Clade sect. Chamaecrista + sect. Xerocalyx +
sect. Caliciopsis”
Cha:
. aristata
. caribaea var. caribaea
. caribaea var. inaguensis
. caribaea var. lucayana
. cinerascens
. potentill&
C. simplifacta

0O00000

Xer:
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ENA
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NO
NO

1,1l
1,1l
1,1l
1,1l
1,1l
NO
1,1l

I, v
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NO
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v
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NO
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http://www.theplantlist.org/tpl1.1/record/ild-24634
http://www.theplantlist.org/tpl1.1/record/ild-24797
http://www.theplantlist.org/tpl1.1/record/ild-24772
http://www.theplantlist.org/tpl1.1/record/ild-24735
http://www.theplantlist.org/tpl1.1/record/ild-25026
http://www.theplantlist.org/tpl1.1/record/tro-13048815
http://www.theplantlist.org/tpl1.1/record/ild-24647
http://www.theplantlist.org/tpl1.1/record/ild-24667
http://www.theplantlist.org/tpl1.1/record/tro-100309875
http://www.theplantlist.org/tpl1.1/record/ild-24628
http://www.theplantlist.org/tpl1.1/record/tro-13048678
http://www.theplantlist.org/tpl1.1/record/ild-24741
http://www.theplantlist.org/tpl1.1/record/ild-979
http://www.theplantlist.org/tpl1.1/record/ild-24598
http://www.theplantlist.org/tpl1.1/record/ild-24411
http://www.theplantlist.org/tpl1.1/record/ild-24384
http://www.theplantlist.org/tpl1.1/record/ild-25765
http://www.theplantlist.org/tpl1.1/record/ild-24522
http://www.theplantlist.org/tpl1.1/record/ild-24523
http://www.theplantlist.org/tpl1.1/record/ild-24498

C. desvauxii var. desvauii
C. desvauxii var. latistipula
C. desvauxii var. graminea
C. ramosa

C. ramosa var. parvifoliola

>>>>>

>>>>>

>>>>>

Note. Clades follow the molecular phylogeny performed by Coéoeét al. (2009). Sections and subsections of Chamaecrista pr@posed by Irwin an
Barneby (1982) and indicated by acronyms. Values in the following thesss represent the number of species included in thenpsasdy and the tots
number of species ascribed to each taxon: Abs = sect. Absus suimse. (23/169); Cha = sect. Chamaecrista (5/53); Bas = sect. Absust.s
Baseophyllum (7/8); Gri = sect. Grimaldia (1/1); Oto = sect. Assibsect. Otophyllum (1/1); Xer = sect. Xerocalyx (2/3); Apo = ggaiucouita (16/20). |
= short digitiform; 1l = long digitiform; Ill = club shaped; IV racket shaped; V = short bottle shaped; VI = long bottle exhafp = absent; ENA =

extrafloral nectaries absent; NO = not observed.
@Taxa sampled by Conceicéo et al. (2009).
® Sect. Caliciopsis is not included in this study.
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http://www.theplantlist.org/tpl1.1/record/ild-21660
http://www.theplantlist.org/tpl1.1/record/ild-29642

Figure 1. Chamaecrista species in the fiefd-B. C. choriophylla and C. semaphora
respectively, in rocky outcrop€&. Flowering branch of C. potentilla. Note the stipules
(asterisk) and bracts (arrow. Leaf and shoot of C. cipoan&. Flower of C.
monticola displaying sticky glandular hairs (arrowhead) on séfiager bud in detail).
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Figure 2. Development of colleters and their distribution omds and sepals of
ChamaecristaA-F. Longitudinal sections of C. debilis colleters subjected t& PA
reaction.A-D. Development of colleter&e—F. Fully-formed colleters composed of a
stalk (s) and a secretory head (h). Note young colletsterigk) and colleters already
secreting (arrow)G. Longitudinal sections of C. brachystachya colletéts.Bract
clearing of C. debilis showing colleters (arrowhead) onlthweer adaxial sidel-J.
Sepal clearing of C. hymenaeifolia displaying colleters on rtiagins and lower
adaxial side. Bars = 20 um;-B, G; 50 um, EF, J; 500 um, Hl.
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Figure 3. SEM showing colleters on vegetative and reproductive nsrgaf
ChamaecristaA-B. Leaves of C. debilisA. Colleters (c) on the rachis between the
leaflets (l). The opposite leaflet of each pair of lietaf was removed (asteriskp.
Colleters around the extrafloral nectary (@).Leaf of C. unijuga with colleters (arrow)
near the extrafloral nectary and on the rachis exian(s). D. Flower bud of C. aristata
displaying colleters (in detail) on the adaxial side ofctygb). E-F. Bracts of C.
cipoana and C. conferta, respectively, showing colleters efother adaxial sideE.
Note the sticky glandular hairs (SGH) on the bract mar@. Leaf of C. semaphora
with sticky glandular hairs (in detail) all over tleaflets (I). Bars = 200 um
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Figure 4. SEM showing the types of colleters in Chamaecrista speAie Short
digitiform type on bract of C. unijuga. Note the secrefiamow) all over the colleters.
B. Long and short digitiform type on stipule of C. desvauaii. Vatistipula.C. Club-
shaped type on stipule of C. aristaBa Club-shaped (asterisk) and short digitiform
(arrowhead) types on stipule of C. cytisoidEs Racket-shaped type on rachis of C.
debilis F-G. Short bottle-shaped type on bracts of C. cipoana and stipule. of
glaucofilix, respectivelyH. Long bottle-shaped type on bract of C. monticola. Bars =

50 um, except B and H = 300 pum.
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Figure 5. Positive histochemical results in longitudinal sectioofs colleters of
Chamaecrista specie&—-C. PAS reaction showing total polysaccharides in C. debilis
C. desvauxii var. latistipula and C. myrophenges, respectiizehAlcian blue, acid
mucopolysaccharides, in C. dehils-F. Ruthenium red, pecting) C. debilis G-H.
Xylidine Pounceau, total proteins, in C. debil) @nd C. desvauxii var. latistipula (
cross section)—J. Sudan black Bl{ and Sudan IVJ), total lipids, in C. debilisBars =

50 pm.
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Abstract

Section Apoucouita (Chamaecrista Moench - Caesalpinioideaah iarboreal group
that is most diverse in the Amazon and Brazilian Attaritrests. These species
typically bear petiolar and/or rachis glands called eliraf nectaries (EFNS).
However, no detailed anatomical studies or histochemizdyses have been conducted
to confirm nectar secretion. We aimed at describing thetsire of such EFNs as well
as to determine the chemical nature of the secretiomtdgg species (23 taxa) were
studied using standard light microscopy techniques. We deshniteeen types of EFNs
with variable morphology. Such EFNs may be impressedsilsesr stalked, with
concave, flat/truncate or convex secretory surfaces. GopulEFNs (stalked or not)
were the most common type observed and patelliform #e ommon. Despite the
morphological variationdifferences in the anatomical structure of the extraflor
nectaries and the chemical composition of the secret@e not observed. EFNs with
concave secretory surfaces appear to be more effectiveeatar may become
accumulated in the concavity, increasing the volumevatflable nectar. Our results
show that despite the variable morphology of the EFNgh sstructures share
similarities on the anatomy and composition of theret®on and development of a
wound-healing periderm in older EFNs. We also indicate thmitance of including
the morphological variation observed in the EFNs in geof sect. Apoucouita in

future taxonomic evaluations.

Key words: anatomy— Caesalpinioideae- histochemistry— secretory structures

wound-healing periderm.
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Introduction

Chamaecrista Moench is a legume genus of the subfamilyalpaesideae
placed in the tribe Cassieae, subtribe Cassiinaen(land Barneby 1982). This genus
includes more than 330 species sorted into six sections: Apaaicsbius Caliciopsis
ChamaecristaGrimaldia and XerocalyxChamaecrista species are mainly tropical with
greatest diversity in South America (Lewis 2005). The presehegtrafloral nectaries
is remarkable in sect. Apoucouit@aliciopsis Chamaecrista and Xerocalyx, along with
sect. Absus subsect. Baseophyllum (Irwin and Barneby 1982, Coutinhl. 2012)
Species of sect. Apoucouita are distinguished from otherossctibased on the
following set of characteristics: woody tree habit, idisius phyllotaxy (spiral only in
Chamaecrista adiantifolia and C. apoucouita), leaves characteiysbiearingpetiolar
and/or rachis glands (Fig. 1B), cauliflorous inflorescence with raceme glands
resembling those of the leaves, and pendant elasticallgagehifruits (Bentham 1870,
Irwin and Rogers 1967).

Petiolar and/or rachis glands of Chamaecrista sect. Apoucewndamost
commonly truncate or depressed, varying from stipitate gsilseor impressed (lrwin
and Rogers 1967). Although such glands in species of sect. dytaibave been called
extrafloral nectaries (Conceicdo et al. 2009, Rando 20G9)detailed anatomical
studies or histochemical analyses have been performedntfonc nectar secretion.
Moreover, due to morphological and topographical simiest other secretory
structures such as lipid- or resin-secreting gland$eteos and hydathodes have been
mistakenly called nectaries (Curtis and Lersten 1978; Durkele E98&4; McDade and
Melvin 1997; Freitas et al. 2001fahn (1979), Mayer et al. (2011) and Radford et al.
(1974) argue for the importance of histochemical analyselseoéxudates to properly

characterize secretory structures.
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The following questions are addressed in our study: Do theerefit
morphologies of the petiolar and/or rachis glands in ispeof sect. Apoucouita
necessarily reflect anatomical differences? Are thtiemical results of the secretion
the same even when the gland structures are variable?akothe energy-containing
compounds that will be secreted as nectar transporteactostructures? The present
study was undertaken to anatomically characterize the w@teuot the petiolar and/or
rachis glands found in species of sect. Apoucouita and tondetethe composition of

the secretion.

Materials and Methods

For this study, 18 (23 taxa) of the 21 (26 taxa) speciesbadcito sect.
Apoucouita (Irwin and Barneby 1977, 1979, 1982, 1985; Barneby 1999) were sampled
(Appendix). Taxonomic authorities for all taxa men&dnn the paper (including the
figures) are given in the appendix.

Both young and fully expanded leaves collected in the fielek irred in FAA
(formaldehyde, acetic acid and 50% ethanol; 1:1:18 by volume)8&d and stored in
70% ethanol (Johansen 1940). Material sampled from harbamaterial was
microwaved in distilled water for 7 min and left to rest utti# water had cooled.
Rehydrated samples were then treated with 2% potassium hydfoxi@le2 h at room
temperature (Smith and Smith 1942), rinsed with tap water tmil potassium
hydroxide was completely removed, dehydrated in an etharies snd stored in 70%
ethanol.

Samples from both the herbarium material and fi@ltiected specimens stored
in 70% ethanol were embedded in methacrylate (Historesoa,Leeica Microsystems

Nussloch GmbH, Heidelberg, Germany) according to the manufacturer’s
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recommendation. Cross and longitudinalpdthick sections were made in an
automatic rotary microtome (Leica RM2155, Deerfield, IL, US)d stained with
toluidine blue at pH 4.40’Brien and McCully 1981) for structural characterization.
Slides were dried at room temperature and mounted in regmm@ent, Fisher
Scientific, NJ, USA).

To study the composition of the secretion, eight Chanstacspecies were
selected: C. adiantifolia var. pteridophyll@. bahiae, C. duartei, C. ensiformis var.
ensiformis, C. negrensis var. negrensid polystachya C. scleroxylon and C.
xinguensis (Appendix). For such species, sections from fidldeted material
embedded in methacrylate were used in the histochemicaldasted out as follows:
for total proteins, xylidine Poncea@O’Brien and McCully 1981); for total
polysaccharides, periodic acid Schiff (PA&)’Brien and McCully 1981); for acid
mucopolysaccharides, Alcian blue (Pearse 1980); for pectingages, ruthenium red
(Johansen 1940); for general phenolic compounds, ferrousdehltir(Johansen 1940)
and for lipid compounds, Sudan Black B and Sudan red (Pearse 1980).

Only Chamaecrista ensiformis var. ensifor,n@s negrensis var. negrensis and
C. polystachya were available for glucose identification in sthel@es of the petiolar
and/or rachis glands using urine test strips (Alamar TecndiftianLtda., S&o Paulo,
Brazil) during the field expeditions. The presence ofdbpin the exudates was
determined for these three species by means of Sudan(8aden Black B and Sudan
red). Such stains were directly applied on the secretaugdgl Insect visitation to the
petiolar and/or rachis glands was also recorded.

Both observations and image capture were conducted using ligiaseopes.

Observations were performed using a Zeiss Primo Star migesemd images were
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captured with an Olympus Optical AX70TRF (Tokyo, Japan) equippedanithPhoto

system and digital camera (AxioCam HRC€arl Zeiss- Gottingen, Germany).

Results

Structure of extrafloral nectaries

The extrafloral nectaries (EFNs) found on the petiatdlis of Chamaecrista sect.
Apoucouita may be impressed (Fig.2), sessile (Fig. 2) or eleyatgd3) (Table 1).
Impressed EFNs (Fig. 2) occurred in nine taxa (Table 1), including C. polystachya
(Fig. 2A) and C. bahiae (Fig. 2B). Six of the nine taxa diggdathe concave (Fig. 2D),
flat/truncate (Fig. 2B) and convex (Fig. 2C) types, whereaan@bilis did not present
the convex, C. apoucouita only flat/truncate and C. polystathgt presented both
convex and flat/truncate (Table 1).

Sessile EFNs (Fig. 2Hl) were observed in all species except C. aspidiifolia, C.
subpeltata, C. aspleniifolia and C. compitalis (Table 1). Sessileutatédte EFNs (Fig.
2E) were found in fourteen species and sessile convex iaghirThe sessile urceolate
type (Fig. 2F) was observed in eight taxa (Table 1). Suctanes characteristically
bore two rims, one at the top, followed by a slight str&tgun and then the second
rim, resembling an urn (Fig. 2F). Sessile concave EFNs #&-H) were observed in
all but five species (Table 1).

Cupuliform EFNs (Fig. 2FG and Fig. 3),were the most common type of nectary
found in 17 of the 23 species studied (Table 1). The etevafithe EFNs results from
the presencefa stalk. Here, ‘stalk’ is defined as the cylindrical structure that bears the
secretory apical part and is vascularized and non-segr&ialked EFNs differed in the
length of the stalk relative to the length of the stecyehead: short-stalked EFNs, in

which the stalk was shorter than the height of theahgecretory portion (Fig. 3/D);
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stalked EFNs, in which the stalk was one or two timedehgth of the apical secretory
portion (Fig. 3E); and long-stalked EFNs, in which théksteas more than three times
the length of the apical secretory portion (Fig. 3F). Qoiy species (C. aspleniifolia
C. aspidiifolig C. compitalis and C. subpeltata) did not present sessile EFKE (Th
and characteristically displayed the stalked or lonfkestlatypes. Although EFNs
bearing a stalk could be observed in all three variefigs. @nsiformis C. ensiformis
var. plurifoliolata was the variety that most commonly preskttie long-stalked type
of EFN (Fig.3F).

Patelliform EFNs (stalked but with a convex instead ofoacave secretory
surface) were observed only in C. compitalis. ensiformis var. ensiformisC.
ensiformis var. maranonica and C. ensiformis var. plurifolioldVhether sessile,
impressed or elevated, EFNs could be oblong/elliptical or rourdidign frontal view
(Table 1). As a whole, when more than one EFN was pre$enimost proximal to the
leaf base was the largest one.

Although the morphology of the EFNs varied according taaixen studied, all
glands displayed anatomical similarities. A singlgel@d epidermis composed of
cubical to columnar-shaped cells and devoid of stomataobserved (Fig. 2A, H and
3A). Whether convex, concave or flat/truncate, the sstlubical epidermal cells with
the thinnest walls were observed at the center of @nedglFig. 2H and 3A), whereas
cells towards the margin were usually larger, more colurshaped and possessed
thicker cell walls (Fig. 2H and 3A). Similarly, the cuticle comg the epidermis was
thicker towards the margin and thinner at the center ofjtdnred. Few multicellular or
unicellular, uniseriate, tector trichomes were found on phgeemis and tended to fall

off in the mature nectary.
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One layer (rarely two) of hypodermal cells was observed.aAshole, the
hypodermal layer was similar in shape and structure to therepgdeAt the center of
the nectary, between the epidermis and hypodermis, or el@m thee hypodermis, it
was common to observe spaces filled up with secretion arhencgtls.

The nectary parenchyma consisted of several layers atmettic cells (Fig.
2A, H and 3A), with the smallest number of layers foim@€Chamaecrista subpeltata
(seven layers) and the largest in C. onusta. Clearlythdes EFNs had fewer nectary
parenchyma layers. Such cells had large nuclei and darkmstaiytoplasm. Idioblasts
containing prismatic crystals were not observed in theangparenchyma.

Despite being vascularized by both phloem and xylem (FigHand 3A), the
number of phloem cells in all EFNs was markedly highen tthet of xylem cells.
Additionally, 1-2 pairs of accessory bundles at eade sif the petiole towards the
EFNs could also be observed. The vascular tissue efal® ltbe nectary parenchyma
layers (Fig. 2A, H and 3A), at an area characterized forngakighly vacuolated
isodiametric cells, the subnectary parenchyma. The stdygeparenchyma was
composed of 1-3 layers of cells smaller than the groundhglayena cells (Fig. 2A, H
and 3A) and was frequently permeated by vascular tisedags. As the vascular
system converged from the petiole towards the nectahesgcells surrounding the
vascular tissue become sclereids instead of fibers. Sueteids commonly contained

one calcium oxalate crystal (Fig. 3B).

Composition of the secretion
The presence of glucose was confirmed in the secrefidine EFNs of C.
ensiformis var. ensiformi<C. negrensis var. negrensis and C. polystachya under field

conditions. The presence of lipids in the secretionccaat be determined by means of

54



Sudan stains (Sudan Black B and Sudan red), as the seasetsoactually rinsed by
such stains.

The histochemical tests provided positive results fer fillowing groups of
metabolic compounds: total polysaccharides (Fig-@ pectins/mucilages (Fig. 4D
E) and lipid compounds (Fig. 45). Such compounds were detected in both epidermal
and nectar parenchymatic cells. Secretion was observenhgaithe cells (at the
periplasmic space and between the wall cells) (Fig:G)Band especially between the
epidermal and subepidermal cell layers (Fig. 4D, E, G an@ihe outer walls of the
epidermal cells were penetrated by numerous branched imégnoels oriented mainly
perpendicular to the wall surface. Such microchannels werdlyuBlied by secretions.
No stomata, secretory pores or cuticle rupture were observed.

During field expeditions, secretion and ant visitatioousted mostly in EFNs of
developing and newly expanded leaves of Chamaecrista ensifeamersiformis C.
duartej C. polystachya and C. negrensis var. negrensis. EFNs of eldegsl only
rarely showed secretory activity. In addition, they édgrrblackish (field observations)
and anatomically showed the development of a wound-healmdep® (Fig. 5). This
periderm derived from subepidermal layers (Fig—Bpor from the inner layers of the
subnectary parenchyma (Fig. 59 of the EFNs. Such layers underwent periclinal cell
divisions only, giving rise to several layers abundarghanolic compounds (Fig. 5E
F). Wound-healing and periderm formation processes wete aiserved in EFNs

infected by molds (Fig. 5C).

Discussion
The morphology, structural characterization and pmeseof glucose and

polysaccharides in secreted exudates of the leaf glantisecs$tudied Chamaecrista
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species support the classification of such glands as mec{&ahn 1979; Bentley and
Elias 1983; Roshchina and Roshchina 1993; Nicolson et al. 20@8edBon the

topography, occurrence on leaves, such glands must beiethas extrafloral nectaries
(EFNs) accordingly to Caspary (1848) and extranuptial nestacieordingly to Delpino

(1873), as they are visited by ants and are not near flowers

Independently of having a stalk or being impressed or sefisdeEFNs of
species belonging to Chamaecrista sect. Apoucouita are compiodede distinctive
regions: nectary epidermis, nectary parenchyma, and sabypgearenchyma. This
structure is consistent with descriptioinsthe literature for EFNs in general (Bentley
and Elias 1983; Nepi 2007) as well as for EFNs in Chamaecristac(foaet al. 2006;
Coutinho et al. 2012; Silva 2012).

A single-layered epidermis made up of cubical/columnar ceds, ¢f stomata,
has also been observed by other authors in Chamaedfistacino et al. 2006; Silva
2012; Coutinho et al. 2012) and in other legumes (Elias 1972alRdsa. 2000; Melo
et al. 2010). Accumulation of secretion below the cetiduticular ruptures and/or
pores were not observed. Therefore, our understandingtigroima the subepidermal
layers, the pre-nectar must pass through the epidermataehe outside. The presence
of the secretion within the microchannels of the epi@démells indicates that nectar is
secreted to the outside through such microchannels, espetigtle central area of the
nectary, which is composed of thin-walled cells. Such a amsin for discharging
nectar to the outside has previously been reported for pliwetr families (Freitas et al.
2001; Stpiczynska et al. 2005; Koteyeva 2005) as well as for the genus Chamaecrista
sect. Absus subsect. Baseophyllum (Coutinho et al. 2012).

The subnectary parenchyma observed in the EFNs of spec@samfiaecrista

sect. Apoucouita is similar to what has been reported for Claisie(Francino et al.
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2006; Coutinho et al. 2012) and other genera of legumes suamgasMill. (Pascal et
al. 2000; Fernandes 20119enna Mill. (Melo et al. 2010) and Anadenanthera Speg.
(Melo et al. 2010). Furthermore, in sect. Absus subsectedphgilum, clusters of
idioblasts containing polysaccharides and mucilage/pectins weserved near the
nectary parenchyma (Coutinho et al. 2012). Those authors sediglest the substances
stored in the idioblasts found at the vascularizatiogirgys could act providing an
additional energy reservoir for nectar secretion.

Such clusters of idioblasts were not observed in spewes $ect. Apoucouita
which indicates that the energy for nectar productioseiat. Apoucouita is supplied
directly from the phloem. It appears that the nectampmnents are produced by the
nectary parenchyma cells (including the subepidermal cgdrdq and epidermis. The
secretion is discharged to the periplasmic spaces, assveflaces among the cells, and
is then released to the outside via symplast or apoplastvggd, as reported in the
literature (Fahn 1988; Pacini and Nepi 2007).

The presence of mucilage/pectins, polysaccharides and lipidise nectary
parenchyma and nectary epidermis as well as in the miaroetzaof epidermal cells
suggests the presence of such compounds in the secreted gxtitiatdistochemical
results were similar for all of the EFNs types, eveough their morphology varied.
Although fructose, glucose and sucrose are among the cemigahat prevail in nectar
(Fahn 1979; Bentley and Elias 1983; Roshchina and Roshchina 13%8sd\i et al.
2007), the presence of such a variety of components @uasdryw our histochemical
analysis, in addition to glucose, suggests that the ndota not only consist of water
and glucose, but also other compounds.

Although the presence of lipids has been reported in numdiower nectars

(Baker 1977; Nicolson et al. 2007), the presence of lipideisa common feature of
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EFNs. Coutinho et al. (2012) hypothesized that amino acids lggdtbfrom proteins
found in the EFNs of species from sect. Absus subsasedphyllum would make such
nectar more attractive to ants. Interestingly, in ggedrom sect. Apoucouita, total
proteins were not found in the EFNs, but lipids instead, @inthe highest-energy
compounds available in nature (Nicolson et al. 2007). Seserdies have shown that
mutualistic interactions between EFNs and ants can redwaeldmage caused by
herbivores to the host plant and can even increasestui(Bentley 1977; Costa et al.
1992; Oliveira et al., 1999), and the same is true for Chamstee¢Nascimento and
Del-Claro 2010). Ant preference for nectars with aminals¢ias been demonstrated
(Lanza et al. 1989; Wagner and Kay 2002). However, to our kdgelea similar study
showing the response of ants to nectars rich in lipidabiebkeen performed.

Heil and McKey (2003) reported that food bodies of obligatenmegophyte
species (symbiotic interactions) are rich in lipids pnateins, whereas those produced
by myrmecophilic species (reward-based interactions) are in carbohydrates.
Because sect. Apoucouita is the most basal clade of ChestaeConceicao et al.
2009), future studies focusing on the species of ants patytfisnEFNs of species from
sect. Apoucouita versus ants patrolling the EFNs of other grewgis as sect. Absus
subsect. Baseophyllum will help to evaluate evolutionary sinifisteractions between
EFNs/plants and ants that may have occurred in Chamaecrista.

Upon analysis of the secretory surface of the EFNs iniespeaf sect.
Apoucouita, three types could be recognized: concave, flat/teuacd convex. Among
the studied species, concave surfaces were the most wagspreng the EFNs, not
observed only in C. polystachya. EFNs with concave secretofgces may be more
effective compared to the flat/truncate and convex tiyeeause after being secreted to

the outside, the nectar may become accumulated icotEavity, possibly reducing the
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evaporative loss of nectar and thus increasing the wlomavailable nectar, as
suggested by other authors (Keeler and Kaul 1979; Leitab 2005; Coutinho et al.
2010).

The morphological differences in the types of EFNs in. ggmucouita suggests
the taxonomic value of such secretory structures ®mattalyzed species. The types of
EFNs are useful additional characters aiding on thendigin of species. Despite the
morphological variation of such EFNs, the same setsnetiabolic compounds are
secreted. For the species of sect. Absus subsect. Baskophylhe chemical
composition of the nectar produced was considered a phylagpdlyetonservative
character because all species secreted the same typespdunds (Coutinho et al.
2012). The same hypothesis appears to be true for sect. Apousecitase the EFNs
found in species of this section secrete the same typesetdbwmlic compounds. This
idea is reinforced by comparisons between the secreted eswfdEFNs belonging to
species of sect. Apoucouita and sect. Absus subsect. Baseophytluthose of C.
trichopoda (sect. Chamaecrista). In C. trichopoda, pectins and total qublgisides
were not found in the secretion (Francino et al. 200@ppears that nectar compounds
in Chamaecrista may be an additional pattern useful tactesize different groups.

Older EFNs in sectApoucouita species develop a wound-healing periderm.
According to Evert (2006), formation of wound periderm ixpded by a sealing of the
newly exposed surface by an impervious layer of cells, in whéposition of callose
begins at the sites of plasmodesmata, sealing the I&stiap connections at this
interface. Section Apoucouita is a group of relatively ldrges that is most diverse in
the Amazon and Brazilian Atlantic forests (Conceicéiale 2009). The secretion of
nectar by species occurring in such wet environments cowlor fthe growth of

pathogenic microorganisms at the sites of secretion. Thelagement of a wound
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periderm in older EFNs seems to be unique for sect. Apoucositxtrafloral nectaries
studied of other sections (Francino et al. 2006; Coutinhal. €2010) do not develop
such tissue. It is interest to note that species of sectioas are commonly found at
open sunny areas. The correlation between nectariepeamies exposed to wet
environment and the development of a wound-healing peridesucim nectaries needs

to be investigated in order to confirm whether this israrmon pattern or not.

Conclusion
Although several types of EFNs in species of Chamaecrésta Apoucouita

were observed, EFNs of all species studied share singfarin the anatomy and
composition of the secretion. The development of a wéhealing periderm in older
EFNs seems to be an efficient strategy against moldtiofecin response to the high
environmental humidity where species of sect. Apoucouita o€aursome of the taxa
studied, more than one type of EFNs was found in the spewes, while for a few
such variation was absent, which demonstrates the impométice EFNs morphology

on future taxonomic evaluations.
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Appendix. List of Chamaecrista species used in the anatomical stadywouchers.
Vouchers are housed in the herbaria of the Universidade Ektlk@ira de Santana
(HUEFS), The New York Botanical Garden (NY), Jardim BotanicdRao de Janeiro
(RB), Universidade de Sao Paulo (SPF), Smithsonian Instit({iS) and Universidade
Federal de Vigosa (VIC). Collections fixed in FAA (forahkahyde, acetic acid and 50%
ethanol) and used in histochemical tests are indicatea bgterisk (*).

C. adiantifolia var. adiantifolia (Spruce ex Benth.) H.S. Irwin & Barneby - Ducke 333, 18.X1.1936
(NY); Wurdack & Adderley 43236, 29.VI.1959 (NY, US); Zarucchi 1723 & 8ali24.VI. 1976 (NY);
Zarucchi 1935, 02.1X.1976 (NY, US); Farneyet al. 1748 16.X.1987 (N®); WDavidse 27665,
23.VI1.1984 (NY); Davidse 27741, 23-25.V11.1984 (US); Davidse 27998, 26.V11.1984 (Nivig 3274,
22.X1.1987 (NY).C. adiantifolia var. pteridophylla (Sandwith) H.S. Irwin & Barneby - Boz 548, V.1926
(NY, US); Pinkus 222, 14.1.1939 (NY); Ducke 601, 10.X.1940 (US); Silva 92X2®42 (NY, US);
Ducke 2010, 10.X.1946 (NY); Black 48-3268, 27.1X.1948; Maguire & Fanshawe 3263K|.1951
(NY, US); Maguire et al. 41983, 02.X1.1957 (US); Maguire et al. 45280/111.1961 (NY, US); Prance
et al. 22690, 18.1X.1974 (NY, US); Zarucchi & Balick 1723, 24.VI1.1976)(\Silva 4455, 22.1X.1976
(NY, US); Daly et al. 1001, 28.X.1981 (US); Silva 239, 03.VI1.1985; dteret al. 8220 20.1X.1986
(NY, US); Ferreira et al. 9329 (NY), 10.X.1987 (NY); *Rando & Noga€l197, 17.11.2012 (SPFL.
amabilis H.S. Irwin & Barneby - Lewis & Carvalho 1068, 10.1.1982 (NY); kfeelli et al. 8901,
15.X11.1982 (RB); Santos et al. 4551, 24.V.1990 (RB); Santos et al. 2865,1990 (RB); Thomas et al.
8964, 30.1.1992 (NY); Jardim & Flavia 594, 11.X1.1994 (N¥).amorimii Barneby - Mori et al. 13756,
27.1vV.1981 (NY); Amorim et al. 923, 14.XI11.1992 (NY; RB); Amorim &t 3231, 06.1.2000 (NY);
Amorim et al. 4311, 23.X.2004 (RB. apoucouita(Aubl.) H.S. Irwin & Barneby - Riedel 1240, 1827;
Samuels 545, 03.VII.1916 (NY); Forest Department of British Guid094, 09.1.1943 (NY);
Maguire 26170 & Fanshawe, 28.1V.1944 (NY); Schultes & Cabrera 16995,11R2P982 (US);
Zarucchi 1563, 15.V.1976 (NY,US); Pipoly & Boayn 8610, 17.1X.1986 (NY, B®&)oly & Boayn 8954,
20.X1.1986 (NY, US); Pipoly & Boayn 8972, 20.X1.1986 (NY); Pipoly & Boay®055, 27.1. 1987 (NY);
Prévost & Sabatier 4630, 21.X.2002 (NY). aspidiifolia H.S. Irwin & Barneby- Castellanos 27069,
19.X11.1967 (NY); Santos 406, 02.X.1969 (NY); Guedes et al. 5220, 08.1.1997 REHUEC.
aspleniifolia (H.S. Irwin & Barneby) H.S. Irwin & Barneby - Pabst 8301 &ré&ira 9410, 15.1.1965
(NY); Duarte 8753, 18.1.1965 (NY, US); Belém 1562, 12.VIII.1965 (NY); Linded&adaas 4563,
01.1.1967 (NY); Pinheiro 1768, 24.1.1972 (NY); Lino 40, 10.111.1972 (NY); Follj 2@.1.1979 (NY);
Hatschbach 47341, 18.1.1984 (NY, US); Cardoso et al. 2407, 04.11.20BRS).C. bahiae(H.S. Irwin)
H.S. Irwin & Barneby - Kuhlmann 6685, 16.X11.1943 (NY); Belém &nifeiro 3199, Frées 27032,
01.V.1951 (US); Frées 27076, 14.V.1951 (NY); Frées 27259, 05.VII.1951 (US); 30.1.1967 (NY);
Oliveira 4297, 22.IV.1968 (NY); Oliveira 4557, 17.VI1.1968 (NY); Silva 17613.111.1969 (NY);
Silva 1954, 30.1V.1969 (NY); Pinheiro 1725, 18.1.1972 (NY); Santos 2235, 1197R.(NY); Harley et al.
17398, 25.111.1974 (NY); Santos 2880, 20.11.1975 (NY); Harley et al. 18071,1987 (NY, US);
Oliveira 6562, 08.11.1977 (NY); Silva & Bahia 3054, 4.VI.1977 (NY); Merial. 10321, 26.VIl. 1978
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(NY, US); Maciel & Cordeiro 202, 07.X11.1978 (NY); Bastos et B26, 12.X11.1978 (NY); Plowman et
al. 9863, 21.111.1980 (US); Plowman et al. 9885, 22.111.1980 (US); Rakelwnas 2201, 14.V.1983
(NY); Daly & Cardoso 3826, 19.XI1.1984 (US); Pirani et al. 3481, 0819B4 (NY); Amorim et al.
2111, 21.1.1998 (NY); Hatschbach et al. 68571, 17.X.1998 (NY); *Rando 121.4).2012 (SPF,
HUEFS).C. compitalis (H.S. Irwin & Barneby) H.S. Irwin & Barneby - Belém 3637, 24968 (NY);
Belém 3643, 24.V.1968 (NY, US)C. duartei (H.S.Irwin) H.S.Irwin & Barneby- Duarte 8014,
19.X1.1963 (NY, US); Belém & Pinheiro 2946, 30.X1.1966 (NY); Soares 218lXI1.1966 (US);
Pinheiro 248, 26.1X.1967 (US); Belém & Pinheiro 3054, 12.1.1967 (NY)neMla & Santos 195,
31.X.1968 (NY, US); Santos 2227, 27.X1.1971 (NY); Mori et al. 11036, 0#9%B (NY); Santos 3422,
05.XI11.1978 (US); Santos et al. 4565, 24.V.1990 (NY); Thomas et al., 82151992 (NY); Amorim et
al. 1290, 26.V.1993 (NY, US); Amorim et al. 1335, 13.1X.1993 (US); Sival. 3624, 30.X.1997 (MY);
Amorim & Lorenzi 2102, 07.X1.1997 (NY, US); *Coutinho & Fernandes 303,1.2014 (VIC).C.
eitenorum var. eitenorum (H.S. Irwin) H.S. Irwin & Barneby - Drouet 2541, 01.X.1935 (US)eEi&
Eiten 10660, 18.1.1970 (US); Von Luetzelburg 446, 1970 (US); Santos 13211974.1(US). C.
eitenorum var. regana (H.S. Irwin & Barneby) H.S. Irwin & Bdiy - Noblick 3034, 07.111.1984 (US);
Hatschbach & Hatschbach 56931, 09.1V.1992 (US); Queiroz et all, 61&I11.2000 (HUEFS).C.
ensiformis var. ensiformis (Vell.) H.S. Irwin & Barneby - Riedel 1201, X.1832 (NY); Guilleml45,
1838 (NY); Rosa , 30.VII. 1936 (NY); Irwin 2330, 29.X11.1958 (NY); Hoehne 564211264 (NY);
Sucre 5091 & Plowmann, 27.V.1969 (NY); Santos 2120, 11.X1.1971 (NY); Euptid$024.1.1972
(NY); Santos 2272, 20.1V.1972 (NY); Pinheiro 1850, 03.VI.1972 (NY); Anoteet al. 11192,
01.11.1975 (NY); Thomas 6169, 26.11.1988 (NY); Amorim et al. 1433, 10993 (NY); Amorim et al.
2145, 25.1. 1998 (NY) *Coutinho et al. 033, 01.VIIl.2012 (VIC); *Coutinho etG&4, 01.VIIl.2012
(VIC); *Coutinho et al. 035, 01.VIIl.2012 (VIC); *Coutinho & Lorencini 0708.VIIl.2012 (VIC);
*Coutinho & Moura 121, 17.1.2013 (VIC); *Coutinho & Pereira 190, 25.IV.2Q¢RC). C. ensiformis
var. maranonica (H.S. Irwin) H.S. Irwin & Barneby- Froés 28501, 20.VIII.1952 (US); Silva 57782,
12.X1.1963 (US); Maguire et al. 56079, 09.VIII.1963 (NY); Prance & Silva 58694/111.1964 (US);
Prance & Silva 58692, 13.VII1.1964 (NY, US); Prance & Silva 58956/I801964 (NY, US); Pranc&
Silva 58976, 31.VIII.1964 (NY, US); Silva 378, 15 Jan 1966 (NY); Hatsdhkia Kummorw 38396,
26.111.1976 (NY); Silva et al. 2747, 03.1X.1976 (NY); Silva & Bahia 3123,V.1977 (NY, US); Rosa et
al. 2580, 11.VII.1978 (NY); Maciel et al. 410, 03.X.1979 (NY); Daly etC875, 29.1X.1980 (NY, US);
Daly et al. D571, 10.X.1980 (NY, US); Taylor et al. E1180, 10.1V.1983); Taylor et al. E1303,
22.1V.1983 (NY); Pereira 2555, 07.1X.1993 (NYJ. ensiformis var. plurifoliolata (Hoehne) H.S. Irwin
& Barneby - Warming s.n., 18.VIII.1863 (US); Curran 4675, 29.111.1921 (NY);ddunn., 1930 (NY);
Ser. refl. Est. Ferro No. 18, 30.VII.1930 (NY); Pereira 9551 &gP&8440, 19.1.1965 (NY); Belé&
Magalhdes 955, 25.1V.1965 (NY, US); Santos 2952, 16.IV.1975 (NY); Kallunél. &23, 11.11.1994
(NY). C. hymenaeifolia (Benth.) H. S. Irwin & Barneby - Maguire et al. 36631, 27.X1.1983, US);
Maguire et al. 36473, 27.X1.1953 (NY); Maguire et al. 42612, 02.1.1958 (08); Lima et al. 3217,
17.X1.1987 (NY); Stevenson & Ramos 1064, 27.X1.1987 (NY, WUShegrensisvar. albuquerquei H.S.
Irwin & Barneby - Coélho & Coélho s.n., 06.11.1968 (NY); Santos 144107 (NY); Henderson et
al. 396, 09.V.1985 (NY)C. negrensisvar.negrensis(H.S. Irwin) H.S. Irwin & Barneby - Silv&
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Brazéo 60789, 08.1.1966 (NY); Pires & Silva 11304, 19.X.1967 (NY); Nastonst al. 1, 02.1V.1975
(NY); Irwin 37202, 28.VI.1976 (NY); Prance et al. 24339, 27.X1.1976 (VICgnghr 596, 12.VII.1979
(NY); Silva 165, 28.VI.1985 (NY); Silva 288, 05.VI1.1985 (NY); Ferreftaal. 6846, 19.111.1986 (NY);
Belém 2056, 29.111.1986 (NY); Baleé 2447, 12.V1.1986 (NY); Baleé 2480, 13.\8.{98); Martins et
al. 83, 04.11.1998 (NY); *Coutinho et al. 537, 01.1.20C5 onustalrwin & Barneby - Carvalho et al. 179,
26.1.1980 (NY); Lewis & Carvalho 1024, 07.1.1982 (NY); Carvalho & Gfeans 1669, 08.111.1983
(NY); Carvalho et al. 6800, 06.1X.1999 (NY); Amorim et al. 4311,X23004 (NY). C. polystachya
(Benth.) H.S. Irwin & Barneby - Schomburgk 1842-3, 1842-1848){NCoradin et al. 558, 08.X.1977
(NY); Steward et al. 156, 1.X11.1977 (NY, US); Steward et al. 226XR2977 (NY, US); *Rando 1150,
07.1.2012 (HUEFS, SPF); *Coutinho et al. 530, 31.XI1.2014;* Coutinho eb3l, 31.XI.2014 C.
scleroxylon(Ducke) H.S.Irwin & Barneby- Ducke 16605, 13.XI11.1916 (US); Black 47-1031 F19 A,
17.VI.1947 (NY); Black F19A 47-1133, 31.VIl. 1947 (NY, US); Frées 31813, V.195%);(N
Frées 32171, 10.X.1955 (US); Frées 33833, VI.1957 (NY); Frées 33881, VI.1957 [Nigjte 7213,
07.X.1962 (US); Silva & Souza 2557, 11.1X.1969 (NY); *Rando 1212, 24.02.2012 (HUEF}, GP
subpeltata (Rizzini) H.S. Irwin & Barneby - Lima 13469, 21.V.1976 (RB); héha et al. 976, 10.111.1983
(NY, US); Taylor et al. E1319, 23.1V.1983 (NY, US}. xinguensis(Ducke) H.S.Irwin & Barneby -
Frées 31033, 20.XII11.1954 (NY); Duarte 7213, 07.X.1962 (NY); Silva & SoR259, 14.VII1.1969
(NY); Silva & Souza 2409, 27.VIIL.1969 (NY); Silvaet al. 3421, 219%1 (NY); Bahia 13,
12.VII1.1978 (NY); Baleé 2424, 12.V1.1986 (NY); Vasconcelos et al. 250¢.1286 (NY); Souza et al.
376, 18.X.1986 (NY); *Rando 1208, 23.11.2012 (HUEFS, SPF).
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Table 1. Types of extrafloral nectaries observed on the pétaahis of Chamaecrista.

Species/Taxon Type of EFN
Impressed Sessile Cupuliform Patelliform
Flat/ Flat/ Short- Long- Short- Long-
Concave Convex Convex Urceolate Concave talked Stalke
truncate truncate stalked stalked stalked stalked
C. adiantifolia var. adiantifolia X X X X
C. adiantifolia var. pteridophylfa X X X X
C. amabilis X X X X X X
C. amorimii X X X X X X
C. apoucouitd X X X X X X
C. aspleniifolia® X X
C. aspidiifolia X X
C. bahiaé X X X X X X X
C. compitalis X X X X
C. duartei X X X X X X
C. eitenorum var. eitenorum X X X X
C. eitenorum var. regana X X X X
C. ensiformis var. ensiformi$§ X X X X X X X X X
C. ensiformis var. maranonit4 X X X X X X X X X
C. ensiformis var. plurifoliolat&® X X X X X X X X X
C. hymenaeifolia X X X X X X

69



. negrensis var. albuquerquei X X
. negrensis var. negrensis X X
. onusta

. polystachya X
. scleroxylon

. Subpeltata

O 0O 00000

. Xinguensis

3Most proximal EFN usually short-stalked while othergtanrachis stalked;Most proximal EFN usually short-stalked or sessile vbthers on the rachis stalkédlthough C. ensiformis
var. ensiformis and C. ensiformis var. maranonica presémgestalked EFNs, these are common only to C. ensifaranisplurifoliolata ¢ Differing from other EFNs due to the common

presence of an oblique secretory surface in frontal view.
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Figure 1. Leaf extrafloral nectaries on the rachides of Chamaecristiespd, C. duarteiB.
C. ensiformis var. ensiformis. Note the secreted necidetail.
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Figure 2. Longitudinal (A, G and H) and cross (B-F) sections of dehis/petiole showing
sessile leaf extrafloral nectaries (EFNs) in Chamaecristaespég C. polystachya showing the
impressed convex type of EFN. The EFNs are composed of anrmjsid@p), a nectary
parenchyma (np) and a subnectary parenchyma (snp). B, C. shbisi@ég the impressed
flat/truncate type of EFN. GC. negrensis var. albuguerquei, sessile convex. D, C. ensiformis
var. maranonica, sessile concave. E, C. bahiae , sessile coacdiwgtto flat/truncate. F, C.
adiantifolia var. adiantifolia, sessile urceolate. G, C.asjiblia, sessile concave with oblique
secretory surface in frontal view. H, C. adiantifolia y@eridophylla , sessile concave. Note
the vascular bundles (vb) going towards the EFN. Scale bars, 500 pm.
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Figure 3. Cross sections of the rachis/petiole showing stalked leaf exahflectaries (EFNS)
in Chamaecrista species. Stalked leaf extrafloral nect@leNs) in species of Chamaecrista
species. A, C. ensiformis var. ensiformis, short-staked EFNsasadmf a secretory apical part
(ap) and a stalk (s). The EFNs is anatomically charactefarehaving an epidermis (epa,
nectary parenchyma (np), a subnectary parenchyma (snp) and vascdl@s i{uh). Arrows
indicate sclereids. B, C. ensiformis var. ensiformis seen yalarised light. Note the presence
of calcium oxalate crystals (bright spots). C, C. scleroxystort-staked EFN. Note that the
stalk is as wide as the secretory apical part. D, C. adpleniishort-stalked EFN with oblique
secretory surface. E, C. compitalis, stalked-EFN. F, Cfoenss var. plurifoliolata, long-
stalked EFN. Scale bars, 200 pm.
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Figure 4. Cross (A-B, D-F) and longitudinal (C) section of the pefiakehis showing the
development of a wound-healing periderm in petiole/rachiafiottal nectaries Chamaecrista
species. A, C. adiantifolia var. pteridophylla and B, C. potysta Note the periclinal division
of the subepidermal layers that will give rise to the wouralihg periderm (wp). C, C.
aspleniifolia with a fungal infection on the epidermis (arramd magnification). Note the
presence of a wound periderm formed at the transition zoneinalsé-. D, C. ensiformis var.
ensiformis E, C. scleroxylon. F, C. apoucouitiote the presence of cells filled with phenolic
compounds. Scale bars, 50 um (A-B, D and F); 200 um (Eand
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Figure 5. Histochemical tests of the EFNs conducted in cross sectiohg @fetiole/rachis of
Chamaecrista species. A-C, periodic acid Schiff (PAS)Cinxinguensis (A-B) and C.
ensiformis var. ensiformis. Note the presence of secretionfdread) among the cells of the
nectary parenchyma (np). D and E, ruthenium re@.ixinguensis (D) and C. polystachya (E).
Sudan red irC. xinguensis (F and G) and sudan black B in C. ensiformisenaiformis (H and
). ep, epidermis; snp, subnectary parenchyma; vb, vascular bundle.tfaecs, 200 um (A, F
and H); 30 um (B-E, G and I).
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Abstract

Chamaecrista Moench is one of the most diverse gemdra_eguminosae-

Caesalpinioideae. Although Chamaecrista has received nttesiti@n in the last ten

years, little attention has been paid to species of eCt. SApoucouita, especially
regarding anatomical studies. Additionally, the recogmitaf the varieties within

species of C. sect. Apoucouita seems to be whether arb#@ratrynon-reproductive

specimens of such section may be quite difficult to hinedr species determined as
vegetative material may resemble species of the gbmgas The present study has
focused on recognizing leaf morphoanatomical charactetstipport the taxonomy of
the species and varieties of C. sect. Apoucouita by employargiaad anatomical

techniques. The arrangement of the vascular systeimeimpetiole/rachis and leaflets
(similar to siphonostele), dorsiventral mesophyll, mucilatigbiasts in the adaxial and
abaxial epidermis, outline of the anticlinal walls of thedepmal cells (straight or

lightly sinuous on the adaxial side and sinuous on the absidi@) and position and

type of stomata (hipostomatic leaves and paracytic leyelio, respectively) were

characters shared by all species of C. sect. Apoucouittogather with morphological

data contribute to the consolidation of this group of sgeasea monophyletic section.
The presence of papillae on the epidermis as well gsa$iton and type of extrafloral

nectaries are characters that may aid the taxondngpme species. Moreover, our
anatomical data provide no evidence for the recognitienvarieties ascribed to some

of the species of C. sect. Apoucouita.
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Introduction

Chamaecrista Moench is one of the most diverse gerfetaaguminosae-
Caesalpinioideae, including about 330 species (Lewis, 2@b@maecrista species can
be readily recognized due to the presence of pinnate |@agedA-C), yellow flowers
(Fig. 1D-F) strongly asymmetric, 2 cycles of stamens often ifferént lengths,
androecium (erratically) actinomorphic, a pair of bratds at the flower pedicel, pod
elastically dehiscent with coiling valves (Fig. 1 G) andegittine presence of extrafloral
nectaries (Fig. 1AC) on the leaves or sticky glandular hairs usually adirdate plant
body (Irwin and Barneby, 1982) Species of Chamaecrista are organized into six
sections: C. sect. Apoucoujtadbsus Caliciopsis Chamaecrista Grimaldia and
Xerocalyx.

Chamaecrista sect. Apoucoyitomposed of 21 species (26 taxa), groups most
of the woody species of the genBesides including arborescent species (Fig., ID)
sect. Apoucouita may be characterized for having cauliflomflezescences (Fig. 1E)
with minute truncate or depressive inflorescence glafielg. 1F) and pendant
elastically dehiscent pods (Fig.GL Such woody species are usually found in
neotropical rain forests, most diverse in the Amazom Brazilian Atlantic forests
(Irwin and Rogers, 1967; Irwin and Barneby, 1977; Concei¢ao, &(4l9).

It is true that Chamaecrista has received much attemtitme last 10 years as
anatomical (Francino et al., 2006; Coutinho et al., 2012, 2013, 3i¥&; 2012; Meira
et al., 2014)molecular (Conceicao et al., 2008, 2009; Torres et al., 2@449)nomic
(Camargo and Miotto, 2004; Rando, 2009; Dantas and Silva, 2013; Raaldc2613)
ecological, geographical (Rando and Pirani, 2011), ecologimchEconomic importance
(Morris, 2012) studies have focused on such genus and igettintion has been paid

to species of C. sect. Apoucouita, especially regarding anatcstickes.

79



Additionally, non-reproductive individuals may be quite idifft to have their
species determined as vegetative material may resemiiespéthe genus Inga Mill.,
especially due to the winged petiole and presence of leahflexal nectaries.
Morphoanatomical characters have proved to be usefuhnasadditional tool to
taxonomy and phylogeny not only of Leguminosae (Solereder, 19@8alfe and
Chalk, 1950, 1979; Lackey, 1978; Luckow, 2002; Arambarri et al., 2006) but also
Chamaecrista (Francino, 2010; Coutinho et al., 2013, 2015).

Moreover, the recognition of the varieties within spe®f C. sect. Apoucouita
seems to be whether arbitrary. For instance, vesiaifeC. adiantifolia were once
defined based on the pubescence and flower size (Irwin agekd967) and later on
length of pulvinule and shape of leaflet apex (Irwin andnBhy, 1977). The authors
themselves tsted that ‘the varictal key might be emended as follows, but requires
testing against the full range of material available to the taximetric study’ (Irwin and
Barneby, 1977). Morphoanatomy has proved used in supporting utarlestudies in
Chamaecrista which up-ranked varieties to the species E&ehceicdo, 2006;
Conceicao et al., 2008; Coutinho et al., 2013).

Owing to the importance of morphoanatomical charaeteen additional tool to
taxonomic and phylogenetical studies, the following questweshere addressed: Are
there recognizable leaf morphoanatomical characters upabg the taxonomy of the
species of C. sect. Apoucouita? Could such characters beouseiiitan identification

key? Can morphoanatomy support the species varieties astwile sect. Apoucouita?
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Material and Methods

We sampled 23 (18 spp.) of the 26 taxa (21 spp.) which belong s@cC.
Apoucouita (Irwin and Barneby, 1982, 1985; Barneby, 1999) (Appendix). Texono
authorities for all taxa used in the paper are givenaragipendix. Both field-collected
and herbarium material were used. Voucher specimens were @dpatsihe herbarium
of the Universidade Federal de Vigosa (VIC).

Fully expanded leaves were collected in the field and fixed F&A
(formaldehyde, acetic acid and 50% ethanol; 1:1:18 by volume)8fd and stored in
70% ethanol (Johansen, 1940). Material sampled from herbaspeoimens was
rehydrated by microwaving in distilled water for 7 min and teftrest overnight.
Rehydrated samples were then treated with 2% potassium hydroxide2 h and
dehydrated in an ethanol series and stored in 70% ethanah(&d Smith, 1942for
identification of the venation pattern and stomata gypehole and/or fragments of
mature leaflets stored in 70% ethanol of both fieldemté#td and herbarium materials
were cleared with 10% sodium hydroxide and 20% hypochlorite sogytstained with
diluted fuchsin and mounted in glycerinated gelatin (Jolmah840).

For structural characterization, fragments from iinedle portion of both the
leaflet (including the middle vein, margin and area betwbermmargin and the middle
vein) and petiole/rachis (base of the petiole rightrdfte pulvinus and rachis right after
the insertion of the first pair of leaflets) were takd@ime fragments from both the
herbarium and field-collected specimens stored in 70%nethwere embedded in
methacrylate (Historesin Leica, Leica Microsystems kaess GmbH, Heidelberg,
Germany) as recommended the manufacturer. Cross anduldingl 44 mthick
sections were made in an automatic rotary microtome gLRM2155, Deerfield, IL,

USA), placed in glass slides, stained with toluidine bluepldt 4.4 (O’Brien and
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McCully, 1981), dried at room temperature and mounted in ré&nn{ount, Fisher
Scientific, NJ, USA).

Both observations and image captures were conducted usin@lyampus
Optical AX70TRF (Tokyo, Japan) equipped with a U-Photo systedhmdagital camera
(AxioCam HRc- Carl Zeiss- Gottingen, Germany). The classification of the venation
types, stomata types, and vascular arrangements of tbéefathis followed Ellis et
al. (2009) Wilkinson (1979) and Howard (1979), respectively. The types af le
extrafloral nectaries, their position as well as datahe morphology of leaves/leaflets
(petiole and blade) were taken from the literature (Irwin andeiRs, 1967; Rizzini,
1976; Irwin and Barneby, 1977, 1979a; b, 1982, 1985; Barneby, 1999; Coutidho a

Meira, 2015).

Results
Petiole/Rachis

Petiole shorter than 15 mm was observed in four taxaa@antifolia var.
adiantifolia, C. adiantifolia var. pteridophyllaC. aspleniifolia and C. aspidiifolia),
longer than 50 mm in C. amorimii only the remaining 18 taxa lorger 15 mm and
shorter than 50 mm (Table 1). Winged petiole/rachis (Fig-F2Avas present in 16
taxa, from which all varieties of C. ensiformis and C. eitarnmoas well as C. amabilis
and C. hymenaeifolia may or not present it. Non-secretoighames on the
petiole/rachis were found in 15 taxa (Table 1), from which fingy or not present them
(C. duartei, all varieties of C. ensiformis and C. sclerojylon

Petiole/rachis showed that all species studied had thelsasystem forming a
siphonostele (Fig. 2 AD and G-) made up by a central pith of parenchymatic cells

surrounded by layers (three or more) of phloem and xylespertively, and then by
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layers of fibers (Fig. 21). Sometimes the vascularesystlid not form concentric layers
around the central pith and interruptions were observef the siphonostele were
incomplete (Fig. 2E, F). The siphonostele along with $hrrounding layers of fibers
usually displayed a circular shape (Fig. 2B, I). The ascsystem occasionally was
more like three semi-circles interconnected. Such vanation the vascular system
arrangement were observed spread throughout the speciedtlainda species.

Two-four accessory bundles on the adaxial side of thelpetere commonly
counted (Fig. 2), but in rare occasion this number coulduppeto eight. When
petiole/rachis was winged, the accessory bundles were upladld in the wings (Fig.
2A-F).

Sclereids were accounted in the cortex of the peticleisaf all studied species,
especially in the petiole (Fig. 2G,-H. Larger leaves presestt higher amount of
sclereids in the cortex of the petiole. Druses wersdoinside the sclereids and a

single-layered sheath of druses was also present encitodirggutermost layer of fiber.

Leaflet blade

The smallest leaflets were found in C. adiantifoli@. aspidiifolia C.
aspleniifolia and C. subpeltata while the largest in C. amgritiiduartei and C.
negrensis var. negrensis (Table 1). The highest number dadfdaaflets was found in
C. adiantifolig C. aspidiifolia and C. aspleniifolia while the other species varigah fr
2-10 pairs (Table 1). All species presented entire pinnatedeaitle brochidodromous
venation (Fig. 3 A, B), except C. hymenaeifolia that preskrdraspedodromous-
brochidodromous with perimarginal veins of marginal secondgpe (Fig. 3C).
Marginal ultimate venation was commonly looped (Fig. 3D) &ll species but

incomplete marginal ultimate venation (Fig. 3D) was alseeoked in the same leaflet.

83



Enlarged tracheids (tracheoids) at the vein endings w@mmon among all species
(Fig. 3E).

Non —secretory trichomes (Fig. 3A) on the leaflets were observed in 14 taxa
(Table 1), from which 10 may or not present trichomedeaflets and when present
found mainly on the midrib (Fig. 3F and 4A) and margins (F@&-t and 4B). Only
four taxa presented all collection with trichomes: Gpidiifolia, C. ensiformis var.
maranonicaC. scleroxylon and C. subpeltata.

All species displayed paracytic laterocyclic stomata.(BigJ) and hipostomatic
leaflets (Fig. 3tM). However, we could rarely observe few stomata scattced) the
midrib on the adaxial side. As a whole, the anticliredil walls of epidermal cells on the
adaxial were straight or lightly sinuous (Fig—BJand Fig. 4C, D) and sinuous on the
abaxial side (Fig. 3IM). However, few exceptions could be observed in collectafns
the two varieties of C. regana and C. xinguensis and C. onustnuasity on the
adaxial side could also be observed. Exceptions were atggayed by a few
collections of the C. amabili€. amorimii, C. bahiaeC. compitalis C. ensiformis C.
hymenaeifolia C. negrensisC. onusta and C. polystachya as straight outline of the
anticlinal cell walls of epidermal cells on the abaxial whserved. Leaflets showed a
single-layered adaxial and abaxial epidermis for all sp€Eigs5).

Papillae (Fig. 4) were observed in five taxa only (Table ®o Wifferent types
of papillae were found: several domes per cell (Fig-@Aand Fig. 5B, C) and one
dome per cell (Fig. 4EE and Fig. 5A, D, F). One dome papillae were found in C.
aspleniifolia (Fig. 5A, F), C. polystachya (Fig. 4D) and C. hymenaeiffi 4E, 5D),
the first species displaying such papillae on both adar@ladaxial sides (Fig. 5A, F)

while the other two only on the abaxial side (Fig. 5D). Sewdwoates papillae were
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found only in the two varieties of C. adiantifolia and wdmags found on the abaxial
side (Fig. 5B, C).

Secretory idioblasts (Fig. 5A, B) were observed on thexiadand abaxial
epidermis but were less frequent on the abaxial epidernpgciedly when such
epidermis was composed of papillae (Fig. 5B). Sometimesséoeetory idioblasts
displayed a thinner periclinal cell wall, dividing the cell inwo, giving to the
epidermis and aspect of double layer (Fig. 5A, B).

Dorsiventral mesophyll (Fig. 5A, B,-&) was found in all species. Adaxial
palisade parenchyma was composed o8 layers of cells while abaxial spongy
parenchyma 312 layers. The number of layers of both palisade and spong
parenchyma were not fixed accordingly to the species. Sideseattered among the
mesophyll were exclusive to C. amorimii (Fig. 5E).

Midrib showed the vascular system arranged as collatasalular bundles (Fig.
5A, G-H). Additionally, we could also observe that some ofghmples of all species
presented collateral vascular bundles with Ziccessory bundles on the adaxial side
(Fig. 5H). Similarly to the vascular system in the petitdgers of fibers surrounded
vascular system. At the midrib area, secretory idgiblan the epidermis were rarely
observed (Fig. 5G, H). Layers of collenchyma below the epidefollowed layers of
chlorenchyma were found in all species except the two variefi€. adiantifolia and
C. aspleniifolia. However, such character was not fixed as soagtollenchyma was
not found but just a few layers of chlorenchyma or parenchyelia mstead. The
chlorenchyma on both adaxial and abaxial side at the miduildl et be classified into
palisade or spongy parenchyma as only compact isodiaroelisovere found. Only the
two varieties of C. adiantifolia and C. aspleniifolia truly presgpiglisade parenchyma

on the adaxial side at the midrib area (Table 1
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Extrafloral Nectaries

Six taxa presented the most basal extrafloral ne¢tafF) exclusively on the
petiole proper, as C. hymenaeifolia (Fig. 1B) and C. polystachga 1E) (Table 1),
from which three may uncommonly present it below theabpair of leaflets instead
(the two varieties of C. adiantifolia and C. xinguensis). Severttadnthe most basal
EFN between/immediately below the basal pair of leafle&ble 1), as in C. eitenorum
var. regana (Fig. 1A). The others EFNs found on the leaiva species were placed
between/immediately below other pairs of leaflets, exae@®. hymenaeifolia and C.
polystachya found only below other pairs of leaflets.

EFNs impressed were observed in eight species, sessieaie flat/truncate,
convex and/or urceolate) in nineteen, cupuliform (shotkesla stalked and/or long-
stalked) in seventeen and patelliform (short-stalked,esdadad/or long-stalked) only in
four (Table 1). The following species may be charactéripe having the following
types of EFNs: C. aspleniifolia and C. aspidiifolia, cupuliform; C. potysta
impressed and sessile flat/truncate and/or convex; C. adiantiliscleroxylon and C.
xinguensis, sessile concave and urceolate as well as cupuliforngompitalis
cupuliform and patelliform, both stalked and long-stalkeda®@abilis C. amorimij C.
duartei and C. hymenaeifolia, impressed or sessile; C. eitenorssilesa cupuliform;

C. subpetalta showed only the long-stalked cupuliform type; C. oraestsile concave.

C. apoucouita, C. bahia€. ensiformis and C. negrensis were the species with the mos

variable EFNs.
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Discussion

The position of the extrafloral nectary (EFN) as wedl the type of EFN
provided an important set of data that allow the recognitiolC.ofdiantifolia, C.
aspleniifolia, C. aspidiifolia C. hymenaeifolia C. onusta, C. polystachya and C.
subpeltata as little variation was observed in such EFNghEasther species, the types
of EFNs are quite variable which limits their use onotedmy while their position
seems to be a promising character. Position of EFNalireedy been successfully used
in species of C. sect. Absus subsect. Baseophyllum (Coo¢c@igé6; Conceicao et al.,
2008) as well as in Leguminosae (Lersten and Brubaker, 1987; Rasah| 2000;
Marazzi et al., 2006; Melo et al., 2010) and other plantliasniKeeler and Kaul, 1979;
Oliveira and Leitdo-Filho, 1987; So, 2004; Weber and Keeler, 2013)

The vascular arrangement of the petiole similar siphonostele was common
for all C. sect. Apoucouita species, even though when the vasculansysis formed
by three semi-circles interconnected. Such pattern of geraent as well as the
presence of accessory bundles (with accessory buimdtee wings, when such wings
are present) have already been reported in the literédu Chamaecrista belonging to
different sections (Metcalfe and Chalk, 1950; Franc2@l0; Coutinho et al., 2013)
Although the amount of sclereids varied according thecispa:n analyzed, such
character could not be associated with any particulariegpéat could be associated
with the size of leaves. The presence of higher amolusclereids in the cortex of the
petiole of larger leaves present indicates that sucls eedly be involved in the
mechanical support of such leaves (Evert, 2006). The arrangeiihe vascular tissue
in the petiole/rachis as well as the presence of sctemmdttered among the cortex
could be useful to distinguish vegetative branches of spaxfiecChamaecrista that

resemble Inga species when they are non-flowering. For Ingdapand/illd. and Inga
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verna subsp. affinis (DC.) T.D. Penn, petiole/rachis in #ense sections also exhibits a
continuous or interrupted ring of bundles, accompanied bgssory bundles in the
wings. However, the main difference between species of &bemsta and species of
Inga is the presence of one/two large accessory, cemtedullary bundle with central
phloem and the lack of sclereids in Inga (Metcalfe and CH&I&0D; Arambarri et al.,
2006). Although more species of Inga should be checked to coiffsmch pattern of
arrangement of the vascular system is common fapaities of Inga, the arrangement
of the vascular tissue in the petiole/rachis is a prowisharacter in the separation of
Chamaecrista and Inga. Such difference can be easily ebdservthe field upon
staining cross sections of the petiole/rachis with phloaighl, a die that stam
lignified cell walls such as fibers and xylem cells (Johai$zi0).

Brochidodromous venation was found in all species but @ehgeifolia. The
brochidodromous venation agrees with the pinnate venatiserided for theC. sect.
Apoucouita (Irwin and Rogers, 1967; Irwin and Barneby, 1977, 1982). Howtneer,
craspedodromous-brochidodromous venation with perimarginals vef marginal
secondary type is a novelty f@. sect. Apoucouita and is a unique to C. hymenaeifolia
Druses associated with the vascular bundles and enlaagdebids at the vein endings
were also observed in all speciesfsect. Apoucouita and has already been reported
for other species of Chamaecrista belonging to other sectinancino, 2010; Silva,
2012; Coutinho et al., 2013) in a way that such characters seegnctimmon for such
genus.

All studied species have hipostomatic leaves, a charslcéeris not widely
spread in the genus, as other species from other se¢tent. Absus, Chamaecrista,
Grimaldia and Xerocalyx) usually display amphistomatic leagrsept C. sect. Absus

subsect. Baseophyllum with species having epistomatic leavasc(fo, 2010; Silva,
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2012; Coutinho et al., 2013). In Chamaecrista, hipostomatic leagesoamon in
species found in rain forest€.(sect. Apoucouita) while amphistomatic/epistomatic
leaves are usually found in species from open sunny aseets Absus, Chamaecrista
Grimaldia and Xerocalyx) which demonstrates that Chamaecrispdayl the typical
ecological pattern of stomatal position described in lileeature (Fahn and Cutler,
1992; Dickson, 2000).

Paracytic laterocyclic stomata were present in allispeaf C. sect. Apoucouita
and agrees with previous reports in Caesalpinioideae (8eter2908; Metcalfe and
Chalk, 1950; Cowan, 1981; Saheed and llloh, 2010) and Chamaecrestaib, 2010;
Silva, 2012).

Even though a few exceptions were observed, straigigtaly sinuous outline
of the anticlinal cell wall of the epidermal cells dw tadaxial side and sinuous outline
on the abaxial side was common for all specieS.a&fect. Apoucouita. Such character is
not very common in Chamaecrista as species tend to digpdéghs contour on both
sides (Francino, 2010). The few exceptions regarding thmewtf the epidermal cells
observed may have been caused as a result of the exprddaaves to sun/shade. As
most of our material came from herbarium specimens weoti&now if the collected
branches were exposed to sun or shade. Leaves exposed taalnhas/e a straight
outline while leaves exposed to shade display a sinuous@uiWilkinson, 1979)
Epidermal papillae were one of the most distinctive charador species of. sect.
Apoucouita as only five species displayed them. Papillae @adhxial and/or abaxial
epidermal cells is not a common trait for Chamaecristth@y are usually restricted to
the midvein only (Francino, 2010).

The secretory epidermal cells are most probably mucildgblasts as the

reddish purple staining of cells indicate the presence oing&€y’Brien and McCully,
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1981). The secretory idioblasts found in the mesophyll of epeai C. sect. Absus
subsectBaseophyllum revealed to be mucilage idioblasts as proved bychéestocal
analyses (Coutinho et al., 2013uch idioblasts also displayed a reddish purple color
when stained with toluidine blue (Coutinho et al., 2013) simil&wlyhe present our
results. Although Chamaecrista ensiformis var. ensiformis hadadglrebeen
anatomically studied Carvalho (1983-1985), the author failedgcrithe the presence of
secretory idioblasts in the epidermis, even though adhsimical study was carried out.
Epidermal mucilage idioblasts were also observed in @pecies of C. sect. Absus as
well as C. sect. Grimaldia (Francino, 2010). Coutinho et al. 20@8ests that mucilage
idioblasts may represent an adaptation to aridity asm@bkarista is a genus typically
found in open sunny areas. However, species of C. sect. dpitai@are mainly found in
the Amazon and Brazilian Atlantic forests, a habitat thatell supplied by water. As
C. sect. Apoucouita is the most basal clade of Chamaecristacéi¢ao et al., 2009)
mucilage idioblasts is probably a character that wasdlrpeesent in the ancestor of
the genus.

Dorsiventral mesophyll and open arch collateral vasculendles which may
present 35 accessory bundles on the adaxial side were commall fgpecies studied
and had already been reported for other species of Cleaistag(Metcalfe and Chalk,
1950; Francino, 2010; Coutinho et al., 2012). ConsideZingect. Apoucouita only, the
presence of sclereids scattered in the mesophyll is a uniquectdrafor C. amorimii
Interestingly, C. amorimii is the species with the largkstf in Chamaecrista
indicating that the presence of sclereids in the mesophgth isnportant evolutionary
character for such species, aiding on the mechanical fupptarge leaves (Evert,

2006).
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Our morphoanatomical data were not enough to build an idetibfickey for
the species of C. sect. Apoucouita as most characteshared by all species such as
the arrangement of the vascular system in the pétgleis and leaflets, dorsiventral
mesophyll, mucilage idioblasts in the adaxial and abaxial epide outline of the
anticlinal walls of the epidermal cells and position anctgpstomata. Although such
characters may be found in species of other sectibb@hamaecrista (Francino, 2010;
Coutinho et al., 2012; Silva, 2012), their presence in all epeafi C. sect. Apoucouita
together with morphological characters contribute o dbnsolidation of this of group
of species as a monophyletic section as demonstrated bgiCamet al. (2009).

No anatomical differences have been observed in thetwsriascribed to C.
adiantifolia, C. ensiformis and C. negrensis. The recognition of sucletiesiare still
based on the characters pointed out by previous authors @ndifRRogers, 1967; Irwin
and Barneby, 1977). The only character that could be usedgdarating C. ensiformis
var. maranonica from the other two varieties of C. ensifoisntbe presence of non-
secretory trichomes on both adaxial and abaxial sides d¢¢dfiets. However, the other
two varieties may also bear such trichomes whichicestthe use of such character.
Moreover, the type EFN is one of the characters usedtingliish the two varieties of
C. negrensis yet based on our present data and Coutinho ena (2015), such
character should no longer be considered as bothtiearimay present the same types

of EFNs.

Conclusion

When the position on the petiole/rachis of EFNs and tigpes are analyzed
together, such characters provide important data for thefidatibn of some species of

C. sect. Apoucouita. Paracytic laterocyclic stomata, vasa@yatem with accessory
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bundles in petiole/rachis and mucilage idioblasts in the epiderané importat
characters present in all species of C. sect. Apoucouita,ntost basal clade of
Chamaecrista, that must be taken into account in evoluyicbadies of the genus. Our
data provide evidence for thexonomic re-evaluation of the varieties of someheaf
species of Chamaecrista as no anatomical differencesolisegved in varieties of the

same species.
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Table 1. List of morphoanatomical characters and species of the Glwaisia sect. Apoucouita used in the study. O = absent; 1 = predentnbt always
present?® usually on the petiole proper but may be placed below ttsiepfair of leaflets” concave and urceolate onfigupuliform stalked and long-stalked
only; ¢ mainly on the midrib and/or margitfssessile concave onlyflat/truncate and/or convex ongupuliform long-stalked only.

N° Morphoanatomical character adia adia adiapter amab amor apou aspl aspi bahi  comp
01 ENF on the petiole proper 12 12 0 0 0 1 0 0 0
02 EpN between/immediately below the basal pair of lesfle 0 0 1 1 1 0 1 1 1
03 EFN between/immediately below other pairs of leaflets 1 1 1 1 1 1 1 1 1
04 EEN below other pairs of leaflets 0 0 0 0 0 0 0 0 0
05 EFN impressed 0 0 1 1 0 0 0 1 0
06 EEN sessile (flat/truncate, convex, concave and/or latgo 1° 1° 1 1 0 0 1 0 0
07 EFN cupuliform (short-stalked, stalked and/or long-stalke 1 1 0 0 1 1 1 1 1°
08 ENF patelliform (short-stalked, stalked and/or long-stike 0 0 0 0 0 0 0 0 1
09 petiole length in millimeters <15 <15 >15<50 >50 >15;<50 <15 <15 >15;<50 >15;<50
10 Non-secretory trichomes on the petiole 1 1 0 0 1 1 1 1 1
11 petiole winged 1 1 0/1 0 1 1 1 0 1
12 Brochidodromous venation 1 1 1 1 1 1 1 1 1
13 Brochidodromous-craspedodromous 0 0 0 0 0 0 0 0 0
14 perimarginal veins 0 0 0 0 0 0 0 0 0
15 Number of pairs of leaflets (15)20-35 (15)20-35 2 5 2-4  (10)1319 9-13 2 (3)4(9)
16 Length of leaflets in millimeters 10-20 10-20 40-120 90-200 40-120 10-20 (5)6-25 80-120 10-70
17 Non-secretory trichomes on the adaxial epidermis 0/2° o/ 0 0 0/1° 0/1° 1 0 0/1°
18 Non-secretory trichomes on the abaxial epidermis 0/1° 0/1° 0 0 0/1° 0/1° 1 0 0/1°
19 several-dome papillae on the abaxial epidermis 1 1 0 0 0 0 0 0 0
20 one-dome papillae on the adaxial epidermis 0 0 0 0 0 1 0 0 0
21 One-dome papillae on the abaxial epidermis 0 0 0 0 0 1 0 0 0
22 pajisade parenchyma on the adaxial side at the midvein 1 1 0 0 0 1 0 0 0
23 0 0 0 1 0 0 0 0 0

Sclereids in the mesophyll
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Table 1 continued

N Morphoanatomical character duar eite eite  eite rega 22: rigf; ensiplur  hyme
01 ENF on the petiole proper 0 0 0 0 0 0 1
02 EFN between/immediately below the basal pair of leafle 1 1 1 1 1 1 0
03 EFN between/immediately below other pairs of leaflets 1 1 1 1 1 1 0
04 EFN below other pairs of leaflets 0 0 0 0 0 0 1
05 EFN impressed 1 0 0 0 0 0 1
06 EFN sessile (flat/truncate, convex, concave and/or laiso 1 1 1 1 1 1 1
07 EFN cupuliform (short-stalked, stalked and/or long-stalke 0 1 1 1 1 1 0
08 ENF patelliform (short-stalked, stalked and/or long-stijke O 0 0 1 1 1 0
09 petiole length in millimeters >15;<50 >15;<50 >15;<50 >15;<50 >15;<50 >15;<50 >15;<50
10 Non-secretory trichomes on the petiole 0/1 0 0 0/1 0/1 0/1 1
11 winged petiole 0 0/1 0/1 0/1 0/1 0/1 0/1
12 Brochidodromous venation 1 1 1 1 1 1 0
13 Brochidodromous-craspedodromous 0 0 0 0 0 0 0
14 perimarginal veins 0 0 0 0 0 0 0
15 Number of pairs of leaflets 2-4 (124 (124 (235 (2)35 5-8 2-3
16 |ength of leaflets in millimeters 120-160 (30-)40-100 (30-)40-100 20-100 20-100 20-100 30-50(-75)
17 Non-secretory trichomes on the adaxial epidermis 0 0 0 0/1° 1 0/1° 0/1°
18 Non-secretory trichomes on the abaxial epidermis 0 0 0 0/1° 1 0/1° 0/1°
19 several-dome papillae on the abaxial epidermis 0 0 0 0 0 0 0
20 One-dome papillae on the adaxial epidermis 0 0 0 0 0 0 0
21 One-dome papillae on the abaxial epidermis 0 0 0 0 0 0 1
22 pylisade parenchyma on the adaxial side at the midvein 0 0 0 0 0 0 0

0 0 0 0 0 0 0

23 Sclereids in the mesophyll



Table 1 continued

N° Morphoanatomical character glebgur :zg: onUS poly scle subp ing
01 ENF on the petiole proper 0 0 0 1 0 0 12
02 EFN between/immediately below the basal pair of lezfle 1 1 1 0 1 1 0
03 EFN between/immediately below other pairs of leaflets L 1 1 0 1 1 1
04 EFN below other pairs of leaflets 0 0 0 1 0 0 0
05 EFN impressed 1 1 0 1 0 0 0
06 EFN sessile (flat/truncate, convex, concave and/or latedo 1 1 1° 1’ 1° 0 1°
07 EFN cupuliform (short-stalked, stalked and/or long-stalke 1 1 0 0 1 19 1
08 ENF patelliform (short-stalked, stalked and/or long-sti)ke O 0 0 0 0 0 0
09 petiole length in millimeters >15;<50 >15;<50 >15;<50 >15;<50 >15;<50 >15;<50 >15;<50
10 Non-secretory trichomes on the petiole 0 0 0 0 0/1 1 1
11 winged petiole 0 0 0 0 1 1 1
12 Brochidodromous venation 1 1 1 1 1 1 1
13 Brochidodromous-craspedodromous 1 0 0 0 0 0 0
14 perimarginal veins 1 0 0 0 0 0 0
15 Number of pairs of leaflets 3-4 2-3 (2)3 2-4  (2)3(5) 79 6-10
16 Length of leaflets in millimeters 50-100 100-200 40-200 50-60 60-100 10-40 50-90
17 Non-secretory trichomes on the adaxial epidermis 0 0 0 0/1 01 1 1
18 Non-secretory trichomes on the abaxial epidermis 0 0 0 0/1 01 1 1°
19 several-dome papillae on the abaxial epidermis 0 0 0 0 0 0 0
20 One-dome papillae on the adaxial epidermis 0 0 0 0 0 0 0
21 One-dome papillae on the abaxial epidermis 0 0 0 1 0 0 0
22 pylisade parenchyma on the adaxial side at the midvein 0 0 0 0 0 0 0
0 0 0 0 0 0 0

23 Sclereids in the mesophyll



Appendix. List of Chamaecrista species used in the anatomical stadywouchers.
Vouchers are housed in the herbaria of the Universidade Ektlk@ira de Santana
(HUEFS), The New York Botanical Garden (NY), Jardim BotanicdRao de Janeiro
(RB), Universidade de Sao Paulo (SPF), Smithsonian Instit¢tiS) and Universidade
Federal de Vigosa (VIC). Collections fixed in FAA (forahahyde, acetic acid and 50%

ethanol) are indicated by an asterisk (*).

C. adiantifolia var. adiantifolia (Spruce ex Benth.) H.S. Irwin & Barneby - Ducke 333, 18.X1.1936
(NY); Wurdack & Adderley 43236, 29.VI.1959 (NY, US); Zarucchi 1723 & 8ali24.VI. 1976 (NY);
Zarucchi 1935, 02.1X.1976 (NY, US); Farneyet al. 1748 16.X.1987 (N%); WDavidse 27665,
23.VI1.1984 (NY); Davidse 27741, 23-25.V11.1984 (US); Davidse 27998, 26.V11.1984 (Nivg 3274,
22.X1.1987 (NY).C. adiantifolia var. pteridophylla (Sandwith) H.S. Irwin & Barneby - Boz 548, V.1926
(NY, US); Pinkus 222, 14.1.1939 (NY); Ducke 601, 10.X.1940 (US); Silva 92X2®42 (NY, US);
Ducke 2010, 10.X.1946 (NY); Black 48-3268, 27.1X.1948; Maguire & Fanshawe 3263K].1951
(NY, US); Maguire et al. 41983, 02.X1.1957 (US); Maguire et al. 45280/111.1961 (NY, US); Prance
et al. 22690, 18.1X.1974 (NY, US); Zarucchi & Balick 1723, 24.VI1.1976)(&lva 4455, 22.1X.1976
(NY, US); Daly et al. 1001, 28.X.1981 (US); Silva 239, 03.VI1.1985; dteret al. 8220 20.1X.1986
(NY, US); Ferreira et al. 9329 (NY), 10.X.1987 (NY); *Rando & Noga€l197, 17.11.2012 (SPFL.
amabilis H.S. Irwin & Barneby -Lewis & Carvalho 1068, 10.1.1982 (NY); Martinelli et al. 8901,
15.X11.1982 (RB); Santos et al. 4551, 24.V.1990 (RB); Santos et al. 2865,1990 (RB); Thomas et al.
8964, 30.1.1992 (NY); Jardim & Flavia 594, 11.X1.1994 (N¥).amorimii Barneby - Mori et al. 13756,
27.1vV.1981 (NY); Amorim et al. 923, 14.XI11.1992 (NY; RB); Amorim &t 3231, 06.1.2000 (NY);
Amorim et al. 4311, 23.X.2004 (RB. apoucouita(Aubl.) H.S. Irwin & Barneby - Riedel 1240, 1827;
Samuels 545, 03.VII.1916 (NY); Forest Department of British @uid=994, 09.1.1943 (NY);
Maguire 26170 & Fanshawe, 28.1V.1944 (NY); Schultes & Cabrera 16995,11R2P982 (US);
Zarucchi 1563, 15.V.1976 (NY,US); Pipoly & Boayn 8610, 17.1X.1986 (NY, Bfioly & Boayn 8954,
20.X1.1986 (NY, US); Pipoly & Boayn 8972, 20.X1.1986 (NY); Pipoly & Boay®055, 27.1. 1987 (NY);
Prévost & Sabatier 4630, 21.X.2002 (NY). aspidiifolia H.S. Irwin & Barneby- Castellanos 27069,
19.XI11.1967 (NY); Santos 406, 02.X.1969 (NY); Guedes et al. 5220, 08.11.1997 (HUEE
aspleniifolia (H.S. Irwin & Barneby) H.S. Irwin & Barneby - Pabst 8301 &ré&ira 9410, 15.1.1965
(NY); Duarte 8753, 18.1.1965 (NY, US); Belém 1562, 12.VIII.1965 (NY); Linded&adaas 4563,
01.1.1967 (NY); Pinheiro 1768, 24.1.1972 (NY); Lino 40, 10.111.1972 (NY); Follj 2@.1.1979 (NY);
Hatschbach 47341, 18.1.1984 (NY, US); Cardoso et al. 2407, 04.11.20BHS).C. bahiae(H.S. Irwin)
H.S. Irwin & Barneby - Kuhlmann 6685, 16.X11.1943 (NY); Belém &nifeiro 3199, Frées 27032,
01.V.1951 (US); Frées 27076, 14.V.1951 (NY); Frées 27259, 05.VII.1951 (US); 30.1.1967 (NY);
Oliveira 4297, 22.IV.1968 (NY); Oliveira 4557, 17.VI1.1968 (NY); Silva 17613.111.1969 (NY);
Silva 1954, 30.1V.1969 (NY); Pinheiro 1725, 18.1.1972 (NY); Santos 2235, 1197R.(NY); Harley et al.
17398, 25.111.1974 (NY); Santos 2880, 20.11.1975 (NY); Harley et al. 18071,1987 (NY, US);
Oliveira 6562, 08.11.1977 (NY); Silva & Bahia 3054, 4.VI.1977 (NY); Metial. 10321, 26.VII. 1978
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(NY, US); Maciel & Cordeiro 202, 07.X11.1978 (NY); Bastos et B26, 12.X11.1978 (NY); Plowman et
al. 9863, 21.111.1980 (US); Plowman et al. 9885, 22.111.1980 (US); Rakelwnas 2201, 14.V.1983
(NY); Daly & Cardoso 3826, 19.XI1.1984 (US); Pirani et al. 3481, 08.X94L9NY); Amorim et al.
2111, 21.1.1998 (NY); Hatschbach et al. 68571, 17.X.1998 (NY); *Rando 121.4).2012 (SPF,
HUEFS).C. compitalis (H.S. Irwin & Barneby) H.S. Irwin & Barneby - Belém 3637, 2496& (NY);
Belém 3643, 24.V.1968 (NY, US)C. duartei (H.S.Irwin) H.S.Irwin & Barneby- Duarte 8014,
19.X1.1963 (NY, US); Belém & Pinheiro 2946, 30.X1.1966 (NY); Soares 218lXI1.1966 (US);
Pinheiro 248, 26.1X.1967 (US); Belém & Pinheiro 3054, 12.1.1967 (NYneMla & Santos 195,
31.X.1968 (NY, US); Santos 2227, 27.X1.1971 (NY); Metral. 11036, 04.X1.1978 (NY); Santos 3422,
05.XI11.1978 (US); Santos et al. 4565, 24.V.1990 (NY); Thomas et al., 82151992 (NY); Amorim et
al. 1290, 26.V.1993 (NY, US); Amorim et al. 1335, 13.1X.1993 (US); Sival. 3624, 30.X.1997 (MY);
Amorim & Lorenzi 2102, 07.X1.1997 (NY, US); *Coutinho & Fernandes 303,1.2014 (VIC).C.
eitenorum var. eitenorum (H.S. Irwin) H.S. Irwin & Barneby - Drouet 2541, 01.X.1935 (US)eR&i&
Eiten 10660, 18.1.1970 (US); Von Luetzelburg 446, 1970 (US); Santos 13211974. (US). C.
eitenorum var. regana (H.S. Irwin & Barneby) H.S. Irwin & Bdiy - Noblick 3034, 07.111.1984 (US);
Hatschbach & Hatschbach 56931, 09.1V.1992 (US); Queiroz et all, 61&11.2000 (HUEFS).C.
ensiformis var. ensiformis (Vell.) H.S. Irwin & Barneby - Riedel 1201, X.1832 (NY); Guilleml45,
1838 (NY); Rosa , 30.VII. 1936 (NY); Irwin 2330, 29.X11.1958 (NY); Hoehne 5642]12(B64 (NY);
Sucre 5091 & Plowmann, 27.V.1969 (NY); Santos 2120, 11.X1.1971 (NY); Euptid8)024.1.1972
(NY); Santos 2272, 20.1V.1972 (NY); Pinheiro 1850, 03.VI.1972 (NY); Anoteet al. 11192,
01.11.1975 (NY); Thomas 6169, 26.11.1988 (NY); Amorim et al. 1433, 10993 (NY); Amorim et al.
2145, 25.1. 1998 (NY) *Coutinho et al. 033, 01.VII1.2012 (VIC); *Coutinho et0&4, 01.VIII.2012
(VIC); *Coutinho et al. 035, 01.VIIl.2012 (VIC); *Coutinho & Lorencini 0708.VIIl.2012 (VIC);
*Coutinho & Moura 121, 17.1.2013 (VIC); *Coutinho & Pereira 190, 25.IV.2Q¢EC). C. ensiformis
var. maranonica (H.S. Irwin) H.S. Irwin & Barneby- Froés 28501, 20.VIII.1952 (US); Silva 57782,
12.X1.1963 (US); Maguire et al. 56079, 09.VIII.1963 (NY); Prance & Silva 58694/111.1964 (US);
Prance & Silva 58692, 13.VII1.1964 (NY, US); Prance & Silva 58956, B01¥64 (NY, US); Pranc&
Silva 58976, 31.VIII.1964 (NY, US); Silva 378, 15 Jan 1966 (NY); Hatsdhkia Kummorw 38396,
26.111.1976 (NY); Silva et al. 2747, 03.1X.1976 (NY); Silva & Bahia 3123,V.1977 (NY, US); Rosa et
al. 2580, 11.VII.1978 (NY); Maciel et al. 410, 03.X.1979 (NY); Daly etC875, 29.1X.1980 (NY, US);
Daly et al. D571, 10.X.1980 (NY, US); Taylor et al. E1180, 10.1V.1983); Taylor et al. E1303,
22.1V.1983 (NY); Pereira 2555, 07.1X.1993 (NYJ. ensiformis var. plurifoliolata (Hoehne) H.S. Irwin
& Barneby - Warming s.n., 18.VIII.1863 (US); Curran 4675, 29.111.1921 (NY);ddunn., 1930 (NY);
Ser. refl. Est. Ferro No. 18, 30.VII.1930 (NY); Pereira 9551 &gP&8440, 19.1.1965 (NY); Belém &
Magalhdes 955, 25.1V.1965 (NY, US); Santos 2952, 16.IV.1975 (NY); Kallunél. &23, 11.11.1994
(NY). C. hymenaeifolia (Benth.) H. S. Irwin & Barneby - Maguire et al. 36631, 27.X1.1983, US);
Maguire et al. 36473, 27.X1.1953 (NY); Maguire et al. 42612, 02.1.1958 (0&); Lima et al. 3217,
17.X1.1987 (NY); Stevenson & Ramos 1064, 27.X1.1987 (NY, WUShegrensisvar. albuquerquei H.S.
Irwin & Barneby - Coélho & Coélho s.n., 06.11.1968 (NY); Santos 144107 (NY); Henderson et
al. 396, 09.V.1985 (NY)C. negrensisvar.negrensis(H.S. Irwin) H.S. Irwin & Barneby - Silv&
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Brazéo 60789, 08.1.1966 (NY); Pires & Silva 11304, 19.X.1967 (NY); Nastonsgt al. 1, 02.1V.1975
(NY); Irwin 37202, 28.VI.1976 (NY); Prance et al. 24339, 27.X1.1976 (VIC)néde 596, 12.VI.1979
(NY); Silva 165, 28.VI.1985 (NY); Silva 288, 05.VI1.1985 (NY); Ferrestaal. 6846, 19.111.1986 (NY);
Belém 2056, 29.111.1986 (NY); Baleé 2447, 12.V1.1986 (NY); Baleé 2480, 13.\8.{98); Martins et
al. 83, 04.11.1998 (NY); *Coutinho et al. 537, 01.1.20C5 onustalrwin & Barneby - Carvalho et al. 179,
26.1.1980 (NY); Lewis & Carvalho 1024, 07.1.1982 (NY); Carvalho & Gfeans 1669, 08.111.1983
(NY); Carvalho et al. 6800, 06.1X.1999 (NY); Amorim et al. 4311,X23004 (NY). C. polystachya
(Benth.) H.S. Irwin & Barneby - Schomburgk 1842-3, 1842-1@4'8); Coradin et al. 558, 08.X.1977
(NY); Steward et al. 156, 1.X11.1977 (NY, US); Steward et al. 226XR9977 (NY, US); *Rando 1150,
07.1.2012 (HUEFS, SPF); *Coutinho et al. 530, 31.XIl.2014;* Coutinho eb3l, 31.XI1.2014 C.
scleroxylon(Ducke) H.S.Irwin & Barneby- Ducke 16605, 13.XI11.1916 (US); Black 47-1031 F19 A,
17.VI.1947 (NY); Black F19A 47-1133, 31.VIl. 1947 (NY, US); Frées 31813, V.195%);(N
Frées 32171, 10.X.1955 (US); Frées 33833, VI.1957 (NY); Froes 33881, VI.1957 [Nig)te 7213,
07.X.1962 (US); Silva & Souza 2557, 11.1X.1969 (NY); *Rando 1212, 24.02.2012 (HUEF}, GP
subpeltata (Rizzini) H.S. Irwin & Barneby - Lima 13469, 21.V.1976 (RB); h&ha et al. 976, 10.111.1983
(NY, US); Taylor et al. E1319, 23.1V.1983 (NY, USJ. xinguensis(Ducke) H.S.Irwin & Barneby -
Frées 31033, 20.XII11.1954 (NY); Duarte 7213, 07.X.1962 (NY); Silva & SoR259, 14.VII1.1969
(NY); Silva & Souza 2409, 27.VIIL.L1969 (NY); Silva et al. 3421, 219%1 (NY); Bahia 13,
12.VII1.1978 (NY); Baleé 2424, 12.V1.1986 (NY); Vasconcelos et al. 250¢.1286 (NY); Souza et al.
376, 18.X.1986 (NY); *Rando 1208, 23.11.2012 (HUEFS, SPF).
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Figure 1. Species of Chamaecrista: Extrafloral nectaries (EFN, arrowte petiole/rachis of
(A) C. eitenorum var. regana, (B) C. hymenaeifolia and G/spanthya. Note the detail of EFN
in A-C. (D, E) C. ensiformis var. ensiformis. Note the cauliflorous infloresesrin (E); (F)
Raceme of C. polystachya charged with glands (arrowheadsP d@ant elastically dehiscent

pods of C. ensiformis var. ensiformis.
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Figure 2. Arrangement of the vascular system in cross sections of ttielefachis of
Chamaecrista specig®\-D, G-) Vascular system forming a siphonostele in C. apoucouita (A,
B), C. subpeltata (C)C. adiantifolia var. pteridophylla (DX. bahiae (G), C. hymenaeifolia
(H) and C. negrensis var. negrengjsNote petiole winged in A-F. Vascular system formed by
three semi-circles interconnected in (E) and resemblingneomplete siphonostele in C.
ensiformis var. ensiformis (F). Note the presence of non-segteithomes in (H). Central pith

(Pi); Xylem (Xy); Phloem (PI); Sclereids (arrow). Bar800um.
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Figure 3. Leaflet clearings of Chamaecrista species. (A) C. ensiforamisensiformis and (B)

C. polystachya with brochidodromous venation. (C) C. hymenaeifdtia craspedodromous-
brochidodromous with detail of the perimarginal veins of matgsezondary type. (D) C.

polystachya showing marginal ultimate venation looped and ineedE) C. eitenorum var.
eiteronorum with enlarged tracheids (tracheoids) at the velimgs. Non-secretory trichomes
on the midvein in C. ensiformis var. maranonica (F) and mastlthe leaflet margin in C.

subpeltata (G, H). Paracytic laterocyclic stomata on baxial side of the epidermis in C.
apoucouita (I) and C. amorimii (J). Note the sinuous outlinetflanal walls of the epidermal

cells on the abaxial side in (I) and straight in (J). Outlindefanticlinal walls of the epidermal
cells straight on the adaxial side in C. amorimii (K) andefenorum var. eitenorum and
sinuous in C. xinguensis (M). Bars =@, 20 mm; BD-F, 200 pm; G, 500um,-H/, 50 um.
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Figure 4. Scanning electron microscopy of the abaxial side of lsaffeChamaecrista species.
(A-C) C. adiantifolia var. pteridophylla. Note the non-secretochomes on the midvein (A)

and (B) margins of the leaflets and the several domes pegpagllae (C). (D) C. polystachya
and (E) C. hymenaeifolia displaying one dome per cell papillaes B&-B, 200 um; CE, 20

pum.
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Figure 5. Cross sections of leaflets in Chamaecrista species. (Asferdifolia with one-
dome papillae on both sides of the epidermis and collateeaigament of the vascular bundles.
(B-C) C. adiantifolia var. pteridophylla with several-dome pagilten the adaxial side of the
leaflet Note mucilage idioblasts in the epidermis.arttin periclinal cell wall dividing some of
the cells into two (B). (D) C. hymenaeifolia with one-domeillee on the abaxial side. (E) C.
amorimii with sclereids (arrows) in the mesophyll) = aspleniifolia, note epidermis with one-
dome papillae on both sides. Cross section of the midvein showliagecal vascular bundles
in C. onusta (G) and collateral vascular bundles with acgebsadles in C. amabilis (H). Bars
= A, E-H, 200 um; BD, 50 pm.
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4. CONCLUSOES GERAIS

Com base na topografia, na estrutta ontogenia e nos compostos detectados
na secrecdo, as estruturas secretoras encontradapices foliares e botdes florais de
espécies de Chamaecrista sdo colétegsuturas envolvidas na protecdo contra
dessecacao dos érgdos em desenvolvimento. Cinco dopaegidd coléteres descritos
neste trabalho sdo inéditos para o género. A diversidattatural dos coléteres em
Chamaecrista forneceu caracteres Uteis para a taxonpaigsuportam os clados
resultantes dos estudos de filogenia molecular.

Embora varios tipos de nectarios extraflorais (NEf) espécies de C. secao
Apoucouita tenham sido observados, todas as espécies estudadaartittam
similaridades anatémicas e secretam o mesmo tipo ddas. O desenvolvimento de
uma periderme de cicatrizacdo em NEFs mais velhos psgecena estratégia eficiente
contra infeccdes fungicas em resposta a alta umidadeatal onde as espécies de C.
secao Apoucouita ocorrem. A periderme de cicatrizacao méepiortada para os NEFs
de espécies pertencentes a outras sec¢fes de Chamacsistglaia ocorrem
predominantemente em ambientes abertos e ensolarados.

Quando ao tipo e a posicdo dos NEFs (peciolo/jagée analisados em
conjunto, tais caracteres fornecem dados que podem sepdtais identificacdo das
espécies de algumas das espécies de C. sect. ApouEmtiittanto, para alguns taxons,
este parametro, foi de pouca utilidade para taxonomia,vemaue algumas espécies
compartilham mais de um tipo de NEF.

Chamaecrista secdo Apoucouita € o clado mais basal na filapegéamero, o
gue indica que alguns dos caracteres aqui descritos, tas estdmatos paraciticos-

laterociclicos, folhas hipoestoméaticas, arranjo do msteascular do peciolo/raque
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similar a um sifonostelo e idioblastos mucilaginosas epiderme, poderiam estar

presentes no ancestral.
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