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Resumo

O estudo apresenta a descricdo anatdmica foliar de Barnebya, um género endémico do Brasil com apenas duas
espécies. O objetivo deste trabalho foi descrever a anatomia foliar e identificar caracteristicas diagnosticas para a
taxonomia e sistematica deste género. Folhas herborizadas das espécies B. dispar (Griseb.) WR Anderson & B. Gates
e B. harleyi WR Anderson & B. Gates foram reidratadas e processadas de acordo com os métodos anatémicos usuais
para anélise em microscopia de luz. Os caracteres anatdbmicos foliares diagnésticos sdo: a presenca e o numero de
feixes acessorios no peciolo, conformacdo do feixe vascular da nervura central, presenga de tricomas, presenga de
ornamentacdo na parede externa de células epidérmicas na face abaxial do limbo foliar e os tipos de monocristais. Os
resultados obtidos no presente estudo mostraram e ressaltam que caracteres anatdmicos relacionados a peciolos séo
importantes na caracterizacdo de géneros e caracteres relacionados a laminas foliares sdo importantes na
caracterizacdo de espécies em Malpighiaceae, corroborando estudos anteriores e realizando pela primeira vez a
descricdo anatémica foliar de Barnebya.

Palavras-chave: Clado Barnebioide; Glandulas foliares; Flora neotropical; Anatomia vegetal.

Abstract

The study presents the leaf anatomical description of Barnebya, an endemic genus from Brazil with only two species.
The objective of this work was to describe the leaf anatomy and identify diagnostic features for the taxonomy and
systematics of this genus. Herborized leaves of the species B. dispar (Griseb.) WR Anderson & B. Gates and B.
harleyi WR Anderson & B. Gates were rehydrated and processed according to the usual anatomical methods for light
microscopy analysis. The diagnostic leaf anatomical characters are: the presence and number of accessory bundles on
the petiole, conformation of the vascular bundle of the midrib, presence of trichomes, presence of ornamentation on
the outer wall of epidermal cells on the abaxial face of the leaf blade and the types of single crystals. The results
obtained in the present study showed and emphasize that anatomical characters related to petioles are important in the
characterization of genera and characters related to leaf blades are important in the characterization of species in
Malpighiaceae, corroborating previous studies and performing for the first time the anatomical description of leaves
of Barnebya.

Keywords: Barnebyoid clade; Leaf glands; Malpighiales; Neotropical flora; Plant anatomy.

Resumen

El estudio presenta la descripcién anatomica de las hojas de Barnebya, un género endémico de Brasil con s6lo dos
especies. El objetivo de este trabajo fue describir la anatomia foliar e identificar caracteristicas diagndsticas para la
taxonomia y sistematica de este género. Hojas herborizadas de las especies B. dispar (Griseb.) WR Anderson & B.
Gates y B. harleyi WR Anderson & B. Gates se rehidrataron y procesaron de acuerdo con los métodos anatémicos
habituales para andlisis de microscopia de luz. Los caracteres anatomicos foliares diagnésticos son: presencia y
nimero de haces accesorios en el peciolo, conformacion del haz vascular de la nervadura central, presencia de
tricomas, presencia de ornamentacion en la pared externa de células epidérmicas en la cara abaxial de la lamina foliar
y los tipos de monocristales. Los resultados obtenidos en el presente estudio mostraron y enfatizan que los caracteres
anatémicos relacionados con los peciolos son importantes en la caracterizacion de géneros y los caracteres
relacionados con las laminas foliares son importantes en la caracterizacion de especies en Malpighiaceae,
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corroborando estudios previos y realizando por primera vez las caracteristicas anatémicas. descripcion de hojas de
Barnebya.
Palabras clave: Clado Barnebioide; Glandulas foliares; Flora Neotropical; Anatomia vegetal.

1. Introduction

Barnebya W. R. Anderson & B. Gates is a native and endemic genus of Brazil, its systematic position in
Malpighiaceae is discussed especially because it is similar in some aspects to the subfamily Byrsonimoideae and in other
aspects to the Old-World genus Acridocarpus (Anderson, 1993). Two species are recognized, B. dispar (Griseb.) WR
Anderson & B. Gates and B. harleyi WR Anderson & B. Gates, which occur in humid forests and caatingas in the states of
Piaui, Pernambuco and Sédo Paulo (BFG, 2015). Their representatives are classified as trees with alternating leaves or opposite
ones with glands on the abaxial face. Perennial flowers with bilaterally symmetrical corolla; yellow petals, dried fruit,
separated into two types: pyramidal toroid chamber and chamber with an elongated dorsal wing thickened on the adaxial
margin, number of chromosomes: n = 30 (Anderson, 1981).

The inflorescence of the cincinnus type resembles those from the genera of the Mcvaughia genera and genera of
byrsonimoide clade. Similarly, radially porous and symmetrical pollen suggests the derivation of colporate pollen found in the
Mcvaughia genera and in the byrsonimoide clade. The types of fruit resemble those characteristic of the Banisteriopsis
C.B.Rob. ex. Small, and Stigmaphyllon A. Juss and similar genera, but unlike these genera Barnebya has its carpels largely
conical (Anderson, 1981).

Due to its similarity in the flowers morphology, inflorescence type, pollen and fruits of other genera, in addition to
being morphologically enigmatic as to its location by DNA, leaf anatomy applied to taxonomy emerges as an excellent tool to
improve the delimitation of species in genera with intricate taxonomy, such as Barnebya, as well as being an alternative to
indicate evolutionary trends and phylogenetic relationships among taxa. For Malpighiaceae, promising results with this type of
approach were obtained for leaves of different genera such as Amorimia W. R. Anderson, Banisteriopsis C. B. Rob. ex. Small,
Byrsonima Rich. ex Kunth, Camarea A.St.-Hil, Heteropterys Kunt and Stigmaphyllon A.Juss. (Mamede, 1987; Aradjo et al.,
2010; Almeida et al., 2017; Almeida et al., 2019; Mello et al., 2019; Aradujo et al., 2020; Santos et al., 2020; Matos & Aradjo,
2021).

Thus, the present work aims to carry out an anatomical description of the leaves of Barnebya species, seeking
anatomical and micromorphological characters capable of identifying the species studied, improving the taxonomy and
systematics of the genus. In addition to providing characters capable of improving the understanding between Barnebya and

the other clades of Malpighiaceae.

2. Material and Methods

There were analyzed leaves from two species of Barnebya, representing all species currently accepted in the genus
according to Anderson and Gates (1981) (Table 1). All leaves were obtained from exsiccates deposited in Brazilian herbariums
(BHCB, HUEFS, VIC, SPF and VIES), acronyms of Thiers (2019). Fully expanded and well-preserved leaves were sampled.
The leaves were rehydrated in boiling distilled water until completely submerged (in five to fifteen minutes, in general),
soaked in 2% KOH solution for total distention (two hours in general), washed and dehydrated in a series of ethyl alcohol and
stored in 70% ethanol. All specimens were freehand sectioned with the aid of a razor blade to obtain transverse and
longitudinal sections of the leaf blade (base, middle and apex) and petiole. The median region was adopted for anatomical
descriptions since there were no significant differences among the sectioned portions of the leaf blade. The cuts were clarified

in 20% sodium hypochlorite and stained in basic fuchsin - Astra blue, and the slides mounted in glycerin gelatine and sealed
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with clear polish (Kraus & Arduin, 1997). Vascular bundles and the venation pattern were classified according to Howard
(1979) and Ellis et al. (2009), respectively. The types of trichomes were classified according to Theobald et al. (1979).

Table 1. List of Barnebya species and vouchers analyzed in this study.

Species Collector/number (herbarium)

Barnebya dispar (Griseb.) W.R. Anderson & B.Gates M.G. Bovini 2168 (SPF)
L.D. Thomaz 1043 (VIES)
G. Martinelli 4592 (VIES)

Barnebya harleyi W.R. Anderson & B.Gates L.P. Queiroz 14568 (HUEFS)
E. Melo 11563 (HUEFS)
J.F. Carrién 1590 (VIC)
P.H.A. Pequeno 215 (BHCB)

Source: speciesLink.

Part of the samples was diaphanized according to Foster (1950). The samples were kept in sodium hydroxide solution
for two hours, washed several times in distilled water and then kept in 20% sodium hypochlorite for 18 hours or until the tissue
becomes translucent. Soon after, the samples were washed and dehydrated in a series of ethyl alcohol (10%-50%) and stained
with 50% alcoholic fuscin, the slides were mounted in glycerin gelatin and sealed with clear varnish. The analyzes and
photographs were made using a photomicroscope (Olympus AX70TRF, Olympus Optical, Tokyo, Japan) with U-Photo system
with a digital camera attached (AxioCam HRc; Zeiss, Gottingen, Germany). An epifluorescence application (HBO 50-W) was
also used, with a mercury lamp and excitation filter BP 340-380, 459 dichroic mirrors and LP-430 filter (Ushio-USH 102D,
Japan).

Finally, compare the species through a multi-state character matrix (Table 2) for the elaboration of the identification
key.

Table 2. Multistate characters matrix: A. Petiole contour, type: (0) biconvex, (1) convex plane; B. Trichomes in the petiole: (0)
presence, (1) absence; C. Cuticle type in the petiole: (0) thick, (1) thin; D. Petiole epidermis type: (0) unistratified, (1)
bistratified; E. Accessory bundles in the petiole: (0) One pair, (1) Two pairs; F. Conformation type of the vascular bundles in
the petiole: (0) convex plane, (1) biconvex; G. Sclerenchyma around the vascular bundles of the petiole: (0) presence, (1)
absence; H. Druses in the petiole: (0) presence, (1) absence; I. Prismatic crystals in the petiole: (0) presence, (1) absence; J.
Midrib contour type: (0) biconvex, (1) convex plane; K. Conformation type of the vascular bundles of the midrib: (0) convex
plane, (1) biconvex; L. Sclerenchyma around the vascular bundles in the midrib: (0) presence, (1) absence; M. Mesophyll type:
(0) dorsiventral, (1) isobilateral; N. Prismatic crystals in the midrib vein: (0) presence, (1) absence; O. Sheath extension in the
mesophyll: (0) presence, (1) absence; P. Variation of the space between the adjacent secondary type: (0) decreasing proximal,

(1) irregular; Q. Quinternary veins: (0) presence, (1) absence; R. Marginal veins forming looped: (0) Absence, (1) presence.

A B CDEF GH I J KL MNUOUP QR

B.dispar 0 O O O O O O o0 1 0 1 0 O 1 1 0 1 1
B.hareyy¢f 0 0 0 0 1 0 O O O O O O O O O 1 0 1

Source: Authors.
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3. Results

The species showed, in a cross-section, contour of the biconvex petiole, deciduous trichomes, thick cuticle,
unistratified epidermis, druses, fibers surrounding the vascular bundle and conformation of the vascular bundle convex plane
type (Fig. 1A-B). In B. dispar, a pair of accessory bundles (Figure 1B) was observed while B. harleyi had two pairs of
accessory bundles and prismatic crystals (Figure 1B-C).

Regarding the median region of the leaf blade, some characteristics, such as the biconvex contour, unistratified
epidermis on both sides and fibers, were common to all specimens (Figure 1D-E). B. dispar presented deciduous trichomes
and conformation of the biconvex vascular bundle (Figure 1D), whereas in B. harleyi the trichomes were absent and the
conformation of the vascular bundle was of the convex plane type (Figure 1E).

Regarding the mesophyll, both had the dorsiventral type, present druses, and stomata only on the abaxial face of the
leaf blade, being on the same level as the epidermal cells presenting stomatal ridges (Figure 1F-1). B. harleyi showed sheath
extension and arrangements on the outer wall of the epidermal cells on the abaxial face (Figure 1H-I). All the species analyzed

showed sessile glands with a concave surface on the abaxial face of the leaf blade (Figure 2A-B).

Figure 1.

Source: Authors

As for the venation pattern, the species were pinnate, with absent basal veins, the secondary veins divided and did not
reach the margin forming a simple broquidodrome pattern, mixed secondary and interior secondary veins were absent (Figure

2C-D). In B. dispar the variation of the space between the adjacent secondary was of the proximal decreasing type, the course
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of the proximal and distal intersecundary veins was perpendicular and the quinternary veins absent (Fig. 2C), whereas in B.
harleyi the variation of the space among the adjacent secondary ones it was of the irregular type, the course of the proximal
intersecondary veins is parallel to the major secondary, and the distal reticulated or branched with quaternary veins of the
irregular reticulated type and quinternary loosely branched (Fig. 2D). The species showed a good state of areolation, and the
last marginal veins formed loops (Fig. 2C-D).

Figure 2. Glands detail and diaphanization: A. Concave sessile gland (Arrow) in Barnebya harleyi; B. Concave sessile gland
(Arrow) in Barnebya dispar; C. Detail of the venation in Barnebya dispar; D. Detail of the venation in Barnebya harleyi. 1°=
Primary rib; 2°= Secondary rib; 3°= Tertiary rib; 4°= Quartenary rib; 5°= Fifth rib; *= Loops.

Source: Authors.

3.1 Identification key for Barnebya species.

1. A pair of accessory bundles in the petiole, conformation of the vascular bundle of the biconvex midrib vein, trichomes
present in the midrib vein, abscence of arrangements in the outer wall of epidermal cells, absence of prismatic crystals, absent
sheath extension..........cc.ceeeveresernne B. dispar

1’. Two pairs of accessory bundles in the petiole, conformation of the vascular bundle of the plane-convex midrib vein,
trichomes absent in the midrib, presence of arrangements in the outer wall of the epidermal cells, presence of prismatic
crystals, extension of the sheath present.........B. harleyi

4. Discussion

The analyzed individuals did not show variation in relation to the petiole contour or the conformation of its vascular
bundle, an important characteristic in distinguishing taxa is used by authors such as Aradjo et al. (2010) and Aradjo et al.
(2020) working with the genera Banisteriopsis, Byrsonima and Heteropterys (Malpighiaceae) and Almeida Jr. et al. (2012) in
work with the genus Manilkara (Sapotaceae). Four types of petiole contour have been reported in the literature for
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Malpighiaceae, concave-convex, plane-convex (Aradjo et al., 2010), circular and biconvex recently described by Aradjo et al.
(2020) and Santos et al. (2020) for Banisteriopsis and Byrsonima, respectively. The results obtained in this study corroborate
these data and describe the biconvex type for Barnebya.

The number of accessory bundles in the studied species was a useful feature in distinguishing them and has already
been used in different botanical families such as Malpighiaceae (Araujo et al., 2010; Almeida et al., 2019; Mello et al., 2019)
and Sapotaceae (Almeida Jr. et al., 2012).

The conformation of the vascular bundle in the midrib vein varied and proved to be useful in distinguishing taxa, a
characteristic already used in taxonomy by several authors in several families such as Erythroxylaceae (Beiras & Sajo, 2004),
Myrtaceae (Gomes et al., 2009), Sapotaceae (Almeida Jr. et al., 2012), and Malpighiaceae (Araujo et al., 2010; Guimardes et
al., 2016; Araujo et al., 2020; Santos et al., 2020).

Malpighiaceous trichomes are described as characteristic in the family and have already been observed by several
authors in different genera, although it was not possible to identify the type of trichome in Barnebya's petioles and in the main
marrow of B. dispar, the absence or presence of these structures in a taxon have great taxonomic value, (Metcalfe & Chalk,
1979; Ferreira, 1981; Aradjo et al., 2010; Anderson, 2011; Gavilanes, 2020; Feio et al., 2018; Barcenas-Ldpez et al., 2018;
Almeida et al. ,2019; Mello et al., 2019; Aradjo et al., 2020).

Both in the petiole and in the leaf blade, the presence of a cuticle was observed, described by ecologists as a means of
protection against water loss, microbial defense structure and solar incidence (Apezzato et al., 2012; Davis et al., 2010;
Barcenas-Ldpez et al., 2018). The presence of druses and single crystals are related to adaptation against herbivory, microbial
defense and the development of the pollen tube, since its growth requires intracellular calcium gradients (Metcalfe & Chalk,
1979; Barcenas-L06pez et al., 2018). Raven et al., (1976) mention that calcium oxalate is known as an extremely toxic product
of plant metabolism and the formation of calcium crystals from oxalate could serve as a way of immobilizing this substance.

The species present glands in the leaf blade, the presence of these structures in representatives of Malpighiaceae is a
relevant and common taxonomic characteristic in the family, already described by several authors as Anderson (1981),
Mamede (1993), Aradjo et al. (2010), Guimaraes et al. (2016), Almeida et al. (2017), Almeida et al. (2019) and Matos and
Aradjo (2021).

The use of anatomy applied to taxonomy has been increasingly used and has proved to be quite useful since the 19th
century, combined or not with morphological characters (Solereder, 1908; Metcalfe et al., 1979) and in different botanical
families like Malpighiaceae (Aradjo et al., 2010; Almeida et al., 2017; Almeida et al., 2019; Mello et al., 2019; Aradjo et al.,
2020; Santos et al., 2020), Sapotaceae (Almeida Jr. et al. 2012 ), Cyperaceae (Prata et al., 2007), Polygonaceae (Tabosa et al.,
2016) and Euphorbiaceae (Feio et al., 2018), a fact proven in the referred work where we were able to describe and distinguish
the species of the genus Barnebya using anatomical characteristics.

Among the main characteristics used some of them can be highlighted, such as the number of accessory bundles in the
petiole, conformation of the vascular bundle of the midrib, absence or presence of trichomes in the main rib, absence or
presence of prismatic crystals and absence or presence of sheath extension. The anatomy of the petiole and characters related
to the leaf glands of Barnebya were very conserved at the generic level, and the anatomy of the midrib was informative at the

species level, a fact already observed by Aradjo et al. (2020) and Santos et al. (2020) for other Malpighiaceae genera.

5. Conclusions
This study carried out for the first time the leaf anatomical description of Barnebya and includes the two currently
recognized species, increasing the database on the genus and showing that characters related to the morphology of the leaf

glands, the anatomy of the petiole and the midrib vein, such as shape, presence and number of accessory bundles and
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conformation of the vascular bundle are important in the characterization of genera and species in Malpighiaceae. In addition
to providing data capable of improving the understanding of the relationships between Barnebya species and the other clades

of the family, since this relationship is still confusing and poorly understood.
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